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In Arctic regions, the number of species of 
plants and animals is small, although under 
appropriate conditions many of the species 
are very abundant. The Eskimo has utilized 
for food almost every Arctic plant and ani- 
mal that had any possible nutritional appli- 
cation. To appreciate the nutritional situa- 
tion of Eskimos today, it is helpful to 
describe the original dietary habits of 
Eskimos. 

The traditional Eskimo diet varied widely 
from place to place. The factors which gov- 
erned food habits appear to have been 
availability, ease of collection and, in a 
minor way, local custom and superstition. 
The basic problem in securing food was the 
necessity of obtaining adequate caloric 
intake. The major sources of calories in 
Eskimo diets were protein and fat from 
mammals and fish. 

In Alaska, there were three generally 
typical Eskimo diets, although there were 
many local and seasonal variations. On the 
Arctic Ocean and Bering Sea coasts, the 
major proportion of food was obtained from 
seal, walrus and whale. These were supple- 
mented by birds, eggs, fish, shellfish, and 
plants in small amounts. Dependence on 
these marine mammals had its risks, since 
they tend to be migratory, and ‘amines 
occurred in this area. 

Further south, the principal source of 
calories was fish, which were abundant in the 
rivers and tundra ponds. This was supple- 
mented by small mammals, including mink, 
muskrat and rabbit, birds, eggs and plants. 
The large fish including salmon, pike, several 
varieties of whitefish, and ling cod were all 
eaten in large amounts, while four smaller 
varieties, the blackfish, eulachon, smelt and 
stickleback could be easily caught in large 
quantity. Where fish were abundant, they 
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appeared to be a more reliable food supply 
than were sea mammals. 

A small group of inland Eskimos depended 
primarily on caribou for their major food 
supply, which was supplemented with fish 
and other foods. 

All three of these diets and their variants 
had common characteristics, in that they 
were low in plant foods, carbohydrate, cal- 
cium, and vitamin C. The diets were all high 
in protein, but not necessarily high in fat. 
There are no known nutritional disadvan- 
tages to this primitive Eskimo diet and only 
one known advantage—Eskimos had almost 
perfect teeth. 

During most of the day, Eskimos had no 
fixed time for eating, and ate as they pleased 
at any time, but they usually had one good 
meal toward the end of the day. Some of 
their food was eaten uncooked, partly from 
preference and partly from necessity, since 
fuel was often scarce. Sometimes the foods 
were eaten while frozen. Children were not 
weaned until they were two or three years 
old, or until another baby was born. Nursing 
was prolonged in the belief that this delayed 
conception. Before and during weaning, a 
child would be fed premasticated food. 

_ Today there are probably no Eskimos in 
Alaska who subsist on wholly native diets. 
The most that can be said is that certain 
people at certain times live wholly from 
native foods. The reasons for the change to 
imported food are manifold. In the first 
place, the supply of native foods may be in- 
adequate. In spite of a high birth rate, there 
were probably never more than 30,000 
Eskimos in Alaska, and food supply may 
have been a limiting factor. When schools, 
churches and stores were built, people who 
had formerly lived in hundreds of small 
settlements, of a few families each, tended to 
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concentrate in villages of 100 or more per- 
sons. This tended to reduce the local supply 
of food near the villages. 

Practically no Eskimo family today is 
without some source of cash income, and it 
is easier to buy food than hunt or fish for it. 
Whites living among Eskimos have refused 
to adopt Eskimo eating habits, such as the 
practice of eating foods uncooked. This re- 
fusal has discouraged Eskimos from depend- 
ence on native foods. Many Eskimos realize 
the old way of life represented a low living 
standard and desire to improve their status. 

Thus the dietary habits of Eskimos today 
are principally characterized by transition. 
A few are still principally dependent on na- 
tive foods, while a number live on diets of 
wholly imported foods. The great proportion 
of Eskimos live partly on native foods and 
partly on imported foods. 

The course of the change from native to 
imported foods is of considerable importance. 
Initially the Eskimo has a very low income, 
and his few purchases of food consist pri- 
marily of the cheapest sources of calories— 
cereals and sugar. Average per capita daily 
purchases from stores of major food groups 
in 14 Alaskan villages from 1945-49 were as 
follows: 


Calories purchased 
per capita per day 


Dairy products, excluding butter... 90 


Fats and oils including butter...... 96 
Dried peas, beans and nuts......... 15 
3 
Other fruits and vegetables......... 28 
Flour and cereal products........... 552 
Sugar, syrup, candy.:............... 285 


The choice of food available in the village 
stores is limited because the stores receive 
their principal shipments by boat only twice 
_ a year, and any other foods must be shipped 
in by air at considerable cost. The stores in 
general lack suitable storage facilities, both 
where foods can be kept frozen and where 
freezing can be avoided. Food prices in 
stores are very high. 

For many years, Eskimos have been en- 
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couraged to raise gardens. In several locali- 
ties, cultivated vegetables have considerable 
importance in the Eskimo diet, but as yet 
most Eskimos have not adopted the prac- 
tice. The principal difficulties appear to be 
that in summer the Eskimo is often away 
from home, and too, there are usually no 
storage facilities for produce. 

Near the turn of the century, reindeer 
were introduced into Alaska with the intent 
of supplying Eskimos with food. The animals 
multiplied rapidly, and for several years were 
a quite important food resource. However, 
successful reindeer herding requires that the 
herder be nomadic so that the range is not 
depleted, and Eskimos have always main- 
tained a fixed residence. At the present time, 
only a few small herds of reindeer are left 
and these furnish meat in fewer than ten 
localities. 

A low proportion of Eskimos are physi- 
cally able to work and to get food. In 1950, 
the median age of Alaskan Eskimos was 17.7 
years, and the food-producing or wage- 
earning men between 20 and 60 years of age 
comprised only 21 per cent of the popula- 
tion. A significant proportion of these men 
had tuberculosis or other debilitating disease 
which made them unable to work or to hunt 
and fish. Consequently, the burden of sup- 
plying food falls upon a relatively small 
number of Eskimos. 

Provided a considerable proportion of the 
diet is fresh meat, fish, greens, and berries, 
the diets of these modern-day Eskimos ap- 
pear to have no bad consequences other than 
dental carits. If little or no native foods are 
used, the diets may be quite poor. While 
none of the usual dietary deficiencies is con- 
sidered generally to be a public health prob- 
lem among Eskimos, scurvy, rickets and 
possibly pellagra are known to occur. How- 
ever, no comprehensive investigation of 
nutritional status has as yet been made. 

As the cash income of the Eskimo in- 
creases, his food purchases resemble more 
and more those of the white man, particu- 
larly if he moves to an urban area. 

The practical nutritional problems of the 
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Eskimo can be classified as both immediate 
and long-range. At the present time he needs 
to learn how best to utilize his food resources 
whether of native origin or purchased. 

The ultimate needs of the Eskimo are 
much more far-reaching. To obtain the many 
advantages of the American standard of 
living, of which good nutrition is only one, 
he must have a good income based on a 
sound economy. The Eskimo today probably 
has close to the lowest economic status of all 
American citizens. The best and perhaps 
only solution to the present inadequate 
housing, poor sanitation, marginal nutrition, 
disease and high death rate among Eskimos 
is the provision of adequate income. 

If adequate income is to be attained it can 
be accomplished in two ways Either the 
Eskimo must migrate to centers of white 
population to live, or an economy must be 
built on the tundra where he lives. As yet, 
none of the resources of the tundra, or the 
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services the Eskimo is able to perform there, 
has been found to be of significant impor- 
tance. Migration of Eskimos to urban centers 
has occurred in significant numbers, but 
often the Eskimo, due to lack of education 
and experience, must accept the lowest 
economic scale in the city. 

The position of the Eskimo today is not a 
happy one, but neither is it hopeless. The 
old culture and old way of life are being lost, 
and this loss among all populations is cause 
for regret, and there appears to be no possi- 
bility of their restitution. As yet, the Eskimo 
has derived many of the disadvantages and 
few of the advantages of modern life. On the 
other hand, he is adaptable, and the pros- 
pects of eventual integration into white 
civilization appear good. 

E. M. Scorr 

Arctic Health Research Center 
Public Health Service 
Anchorage, Alaska 


OBESITY AND CORONARY ARTERY DISEASE 


The statistical association between obesity 
and cardiovascular as well as other chronic 
degenerative diseases observed by L. I. 
Dublin and H. H. Marks (Tr. Assn. Life 
Insurance Med. Directors America 356, 235 
(1952); Nutrition Reviews 11, 292 (1953)) in 
a population of life insurance policy holders 
has led to various conclusions in both lay and 
scientific circles. At one extreme is the view 
that obesity is the cause of these degenera- 
tive diseases; at the other is the opposite 
view that the association is entirely inciden- 
tal and meaningless. Neither of these posi- 
tions is probably justified at the present 
time because of the paucity of data to 
support either. Further research is urgently 
needed to define the role which obesity 
plays in degenerative disease. 

The number of chronic diseases which 
appear to be increased in incidence in an 
obese population is considerable and the 
variety of the systems involved is impressive. 
Not only do circulatory disorders occur, but 


also diseases of the endocrine system, kidney 
and digestive tracts. This finding would 
seem to militate against a simple direct rela- 
tionship between the presence of excess body 
fat and the initiation of these various patho- 
logic processes. The chain of causality, if 
any, is surely obscure and sinuous and will 
require intensive investigation before it is 


revealed in all its complexity. 


A. Keys (Am. J. Pub. Health 44, 864 
(1954)) has challenged the view that obesity 
plays a role in the onset of coronary artery 
disease. Dublin and Marks (loc. cit.) reported 
that the excess mortality due to degenerative 
heart disease was 42 per cent for obese males 
25 to 74 years and 75 per cent for obese fe- 
males in the same age group. Keys points out 
that the excess mortality of overweight 
American men from degenerative heart dis- 
ease will not account for the current excess 
mortality of all American men over English- 
men or Italians, whose weights average only 
some 7 to 8 per cent less than Americans. 
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For example, the mortality per 1000 men 
aged 45 to 54 from all heart disease in 1949 
for the United States, England and Italy 
were respectively 4.23, 1.87 and 1.37. The 
insurance data would not predict any mor- 
tality differential from the small average 
weight difference, but the national mortality 
from cardiovascular disease indicates a great 
excess among Americans. These data cer- 
tainly indicate that there are other factors 
than obesity that play a role in the onset and 
progression of degenerative heart disease. 

The insurance company investigators 
studied the mortality from coronary artery 
disease in an obese population and found an 
increase. 8S. L. Wilens (Arch. Int. Med. 79, 
129 (1947)) studied the incidence of vascu- 
lar atheromata in an obese population post 
mortem and found an increase. What hap- 
pens, asked Keys, if we choose a population 
of individuals with coronary artery disease 
and study them with respect to nutritional 
status? This was done during World War 
II by the Army Institute of Pathology and 
the results were published by W. M. Yater 
and co-workers (Am. Heart J. 36, 334, 481, 
683 (1948)). These investigators studied 866 
cases of coronary artery disease in soldiers 
under the age of 40 years, 450 of them with 
necropsy examinations. When the soldiers 
who had died of coronary occlusions were 
compared with 297 soldiers of equal age and 
length of service killed in military accidents 
in the same period, the distribution of rela- 
tive body weights in the two groups was 
essentially identical, although both groups 
were heavier than at the time of induction. 
The records at the time of induction showed, 
furthermore, that the men destined to die of 
coronary artery disease were not statistically 
distinguishable in body weight from the rest 
of the inductees. 

S. M. Garn, M. M. Gertler, 8. A. Levine, 
and P. D. White (Ann. Int. Med. 34, 1416 
(1951)) also compared 97 men who had ex- 
perienced a myocardial infarction prior to 
the age of 40 and who were active again with 
146 healthy employed men who were of 
similar age, ethnic origin and occupation and 
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found no differences in relative body weight. 
Both groups, however, were overweight 
when measured against U. 8. Army normal 
standards. In his own series of 60 cases of 
business men from Minneapolis with coro- 
nary artery disease between the ages of 46 
and 62, Keys found the average body weight 
was 100.9 per cent of the standard average 
for healthy Minnesotans of the same height 
and age. It is certain from this array of data 
that coronary disease does occur commonly 
in the absence of obesity and that the rela- 
tionship between marked obesity and coro- 
nary disease, if any, is not simple and direct. 

More evidence is accumulating to support 
the view that the level of circulating serum 
lipid and lipoprotein is one factor related to 
the genesis and progression of coronary 
atherosclerosis. Keys reports either no cor- 
relation or an insignificant one between total 
serum cholesterol and relative body weight 
in Americans, Englishmen and Italians (see 
also Nutrition Reviews 12, 270 (1954)). J. W. 
Gofman and H. B. Jones (Circulation 5, 514 
(1952); Nutrition Reviews 11, 292 (1953)) also 
noted an insignificant correlation of total 
serum cholesterol with body weight in their 
study of obesity, but found that certain 
classes of lipoproteins, chiefly the 8,35 to 
100 group, showed a significant elevation in 
the obese subjects and a positive correlation 
with the degree of obesity. These workers 
concluded that the excess mortality of the 
obese due to coronary artery disease could 
be accounted for by the observed elevation 
of serum lipoproteins. 

Although Keys found no weight-depend- 
ent differences in serum cholesterol among 
Americans, Englishmen and Italians, the 
average serum cholesterol concentration 
found in middle-aged men in each of the 
three countries corresponded to the mortal- 
ity rates ascribed to coronary or to all heart 
disease in the same countries, the order from 
highest to lowest being: the United States, 
England and Wales, and Italy. Study of the 
diets of these three populations revealed that 
an association existed between the intake of 
dietary fat, the level of serum cholesterol 
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and the incidence of coronary artery disease. 
This association among dietary fat intake, 
serum cholesterol level and coronary artery 
disease revealed in this epidemiologic study 
does not indicate a causal relationship be- 
tween the associated factors any more than 
the association between obesity and athero- 
sclerosis presented by Dublin and Marks. 
Both require further study in order to deter- 
mine their biochemical and nutritional sig- 
nificance. 

It may be concluded that overweight per 
se is not a cause of coronary artery disease 
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although pathologic conditions prevail in 
some obese individuals which promote 
atherogenesis. One of these conditions may 
be an undue elevation in serum lipids and 
lipoproteins which in turn may be influenced 
by dietary fat intake. This, however, does 
not constitute the entire basis of the disease, 
since other factors inherent in the arteries, 
arterioles and circulation generally play 
roles which cannot be overlooked. Further 
research is required to assign appropriate 
values to these factors and produce an inte- 
grated picture of the pathogenesis of 
atherosclerosis. 


GALACTOSEMIA 


Inborn errors of metabolism continue to 
present a challenge to the biochemist and 
clinician. The fascination of these problems 
is enhanced for the clinician when recogni- 
tion of the disease permits the prescribing of 
an essentially curative regimen. Such is the 
case in galactosemia, a rare congenital disor- 
der of carbohydrate metabolism. 

J. L. Bollman, F. C. Mann, and M. H. 
Power (Am. J. Physiol. 111, 483 (1935)) 
concluded from studies with the hepatecto- 
mized dog that the liver was the only organ 
which could utilize galactose. This is due to 
the presence in the liver of galactokinase, 
which catalyzes the reaction galactose + 
adenosine triphosphate — galactose-1-phos- 
phate + adenosine diphosphate. The subse- 
quent steps in the utilization of galactose 
have been discussed by L. F. Leloir (‘‘Phos- 
phorus Metabolism,” Vol. /, p. 67, Johns 
Hopkins Press, Baltimore (1951)), who 
presented evidence that the transformation 
of galactose to glucose probably proceeds via 
these reactions: (1) galactose-1-phosphate + 
uridine-diphosphoglucose — uridine-diphos- 
phogalactose + glucose-l-phosphate; (2) 


Waldenase 


uridine-diphosphogalactose uri- 


dine-diphosphoglucose. 
These steps have been outlined using a 
relatively crude enzyme system, and it has 


not yet been possible to separate the two 
steps. The participation of the coenzyme, 
uridine-diphosphoglucose, has been estab- 
lished. The mechanism of this unique Wal- 
den inversion is unknown, but it appears 
that it does not result from a splitting of the 
sugar between C; and C, with a subsequent 
recombination of the fragments. 

Although the clinical syndrome was recog- 
nized as early as 1908, less than 40 cases have 
been described to date. A recent case, pre- 
sented by J. A. Ritter and E. J. Cannon 
(New Engl. J. Med. 252, 747 (1955)) illus- 
trates many of the important features. The 
patient, a 5 year old girl, was referred from 
the eye clinic, where she had been treated 
for bilateral cataracts, to the pediatric serv- 
ice because of findings of hepatomegaly 
(liver enlargement) and sugar in the urine. 
The only abnormal physical findings were 
the cataracts and hepatomegaly. Her urine 
sugar was 2 per cent; there was a 4+ aceto- 
nuria and the blood sugar was 225 mg. per 
cent. The urine sugar was identified as ga- 
lactose. When the child was placed on a milk- 
free diet, the glycosuria disappeared and the 
blood sugar level dropped to normal. 

This case represents one of the milder 
variants of the syndrome. A more usual 
course is that of feeding difficulties and 
growth failure with early development of 
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hepatomegaly and cataracts. The course can 
be fulminant, with the occurrence of jaun- 
dice, splenomegaly (enlarged spleen), ascites 
and death. Mental retardation is a common 
feature, even if the disease is recognized 
within a few days of birth and adequately 
treated. The hepatic damage may be severe 
enough to produce the histologic pattern of 
Laennec’s cirrhosis (E. H. Townsend, H. H. 
Mason, and P. 8. Strong, Pediatrics 7, 760 
(1951)). Other examples of cirrhosis have 
been noted in cases of galactosemia. 

The course of the disease is not known due 
to its relatively recent recognition. In the 
above paper by Townsend et al., one boy is 
reported on who has been followed to age 18. 
His mental retardation has persisted, but his 
physical and sexual development are normal. 
His galactose tolerance test remains abnor- 
mal, but there is suggestive evidence that he 
is no longer so sensitive to breaks in the 
dietary regimen. In younger children, within 
twenty-four hours of adding galactose to the 
diet, sugar reappears in the urine, hepato- 
megaly increases and the child becomes ill. 

The biochemical pattern in cases of 
galactosemia is quite distinctive. There is 
found a 4+ glycosuria, often with acetonu- 
ria, in the presence of a blood sugar about 
twice the normal value. After yeast fermen- 
tation of the blood sugar, it is evident that 
there exists a low glucose value in the pres- 
ence of excess total sugar (A. F. Hartmann, 
E. Grunwaldt, and D. H. James, J. Pediat. 
43, / (1953)). Galactose tolerance tests 
also demonstrate marked divergence from 
normal. 

Aminoaciduria has, been noted in two 
typical cases of galactosemia (A. Holzel, 
G. M. Komrower, and V. K. Wilson, Brit. 
Med. J. 1, 194 (1952)). This was present 
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only when galactose was fed. Two-dimen- 
sional chromatograms revealed dispropor- 
tionately large quantities of serine, threo- 
nine, methylhistidine, lysine and tyrosine 
in the urine. This pattern differs from that 
seen in liver disease, but resembles that 
noted in other renal aminoacidurias. 

Aminoaciduria was also noted by D. Y.-Y. 
Hsia and co-workers (Am. J. Dis. Child. 88, 
458 (1954)) when galactose was fed to 2 
brothers with galactosemia. During the pe- 
riod of aminoaciduria, the level of plasma 
alpha-amino acids did not rise. The amino- 
aciduria was generalized, with essential 
amino acids appearing in the urine. Thus, 
this study implicates the renal proximal tu- 
bule in the genesis of the aminoaciduria. The 
relationship of galactosemia and galacto- 
suria to the developing or unmasking of this 
defect is obscure. 

The synthesis of such diverse manifesta- 
tions of this syndrome as mental retardation, 
cataracts, hepatomegaly, galactosemia and 
aminoaciduria has so far been difficult. 
There are a number of proposals, none of 
which may be said to have strong experi- 
mental backing. It is claimed that the 
deficient blood glucose and the competitive 
interference of galactose-1-phosphate in the 
pathway of carbohydrate metabolism lead 
to deficient utilization of glucose by the 
affected organs such as brain, lens and liver. 
It has also been suggested that galactose, 
per se, is a toxic substance. This is strength- 
ened by scattered experimental work on lens 
metabolism. It may be that the associated 
abnormalities are not dependent solely on 
the defect in galactose metabolism but repre- 
sent a constellation of defects referable to a 
single gene. 


MAGNESIUM BALANCE IN MYXEDEMATOUS PATIENTS TREATED 
WITH TRIIODOTHYRONINE 


Impressed by certain similarities in the 
symptomatology of hyperthyroidism and of 


dietary magnesium deficiency on the one 
hand and that of hypothyroidism and die- 


ne 
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tary magnesium excess on the other, D. F. 
Tapley (Bull. Johns Hopkins Hosp. 96, 274 
(1955)) has made a preliminary investigation 
on the effect of triiodothyronine (see N utri- 
tion Reviews 13, 4 (1955)) on the magnesium 
balance of 2 patients with myxedema. Both 
patients were on relatively constant dietary 
intakes at levels which usually maintain 
normal subjects in approximate nitrogen 
equilibrium. In one patient the magnesium 
intake was about 200 mg. daily, and in the 
other it was about 300 mg. daily. After a 
three-day control period, 1 mg. of p-tri- 
iodothyronine was given subcutaneously to 
each patient in a single injection. Six days 
later, 1 mg. of the racemic mixture was in- 
jected; nine days later, 1 mg. of L-triiodo- 
thyronine was given. 

The results in both patients were similar. 
During the control period each patient was 
in positive magnesium balance. About half 
their dietary magnesium intakes were ex- 
creted in the feces. One patient excreted in 
the urine the equivalent of about one-third 
the magnesium intake; the other excreted 
much less. A definite although transient rise 
in basal oxygen consumption and urinary 
and fecal magnesium’ excretion began 
twenty-four to forty-eight hours after the 
injection of the L-isomer. Similar but less 
marked effects were noted following the in- 
jection of the racemic mixture of triiodo- 
thyronine. The results following injection 
of the p-isomer were equivocal. 

Tapley noted that the net magnesium loss 
following the subcutaneous injection of 1 
mg. of L-triiodothyronine was three to four 
times greater than the presumed total mag- 
nesium in serum. He states that there was 
no correlation between urinary magnesium 
excretion and urinary volume, but that the 
changes in fecal magnesium excretion paral- 
leled the fecal volumes. 

Little information is available regarding 
magnesium balance in patients with disturb- 
ances in thyroid function. R. F. Dine and 
P. H. Lavietes (./. Clin. Invest. 21, 781 
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(1942)) have stated that preliminary obser- 
vations by F. P. Vose demonstrated an 
excessive postabsorptive renal excretion of 
magnesium in hyperthyroidism. No details 
of Vose’s study are given. D. M. Tibbetts 
and J. C. Aub (Ibid. 16, 511 (1937)) about 
twenty years ago studied 2 patients with 
hyperthyroidism, whose basal metabolic 
rates were +35 per cent and +65 per cent 
respectively. They were small, emaciated 
women. On a dietary intake of about 15 g. of 
nitrogen and 275 mg. of magnesium daily, 
these patients were in positive nitrogen bal- 
ance (assuming a usual fecal nitrogen con- 
tent) and in positive magnesium balance. 
Each of them excreted the equivalent of 
about one third of the magnesium intake in 
the feces. The patient with the higher basal 
metabolic rate excreted in her urine the 
equivalent of about 40 per cent of the mag- 
nesium intake; the other excreted about 25 
per cent. Tibbetts and Aub concluded “that 
exophthalmic goiter does not stimulate 
magnesium elimination, inasmuch as it is so 
obviously stored on only a moderately high 
intake.” 

The study of Tibbetts and Aub is so differ- 
ent from that of Tapley that it is not possible 
to evaluate the apparent contradiction in 
their findings. Tapley studied the effect of 
single injections of triiodothyronine given to 
2 myxedematous patients; Tibbetts and 
Aub studied 2 patients with spontaneous, 
prolonged hyperthyroidism. Tapley points 
out that at present it is not possible to deter- 
mine whether the negative magnesium bal- 
ance induced by t-triiodothyronine is a 
direct effect of the hormone or secondary 
to the increase in oxygen consumption. 
Marked changes in metabolism may be ex- 
pected to influence the mineral balance in 
various tissues. In any event, so little is 
known of the role of magnesium that these 
studies are of interest and may indicate a 
relation between magnesium metabolism 
and thyroid function. 
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AMINO ACID REQUIREMENTS OF INFANTS 


The need for quantitative data on protein 
and amino acid requirements at all ages and 
all stages of growth is an obvious one. Such 
information permits intelligent medication 
in defective dietary situations. Information 
on human requirements for amino acids, ini- 
tiated by the carefully conducted studies of 
W. C. Rose (see Nutrition Reviews 10, 152 
(1952)), has been slow in developing because 
of the difficulties of obtaining the amount 
and variety of amino acids needed for com- 
plete studies. Furthermore, until recently 
the unavailability of natural isomers of 
amino acids, the L-forms, did not permit 
extensive investigations with amino acid 
diets in human subjects. 

Investigators at the College of Medicine 
of New York University and the University 
of Texas, Galveston, have recently reported 
on the requirement of the human infant (up 
to 6 months of age) for the essential amino 
acid threonine (E. L. Pratt and co-workers, 
J. Nutrition 66, 231 (1955)). The same 
workers also investigated the infant’s re- 
quirement for phenylalanine (S. E. Snyder- 
man et al., Ibid. 56, 253 (1955)). 

A diet was devised in which the protein 
portion was provided by a mixture of the 
pure amino acids (natural L-forms), both 
indispensable and dispensable, in the pro- 
portions that they are found in breast milk 
as determined by I. G. Macy, H. J. Kelly, 
and R. E. Sloan (National Research Council 
Publication No. 254 (1958)). 

The diet consisted of the following (in 
grams): L-amino acid mixture, 100; hydroge- 
nated vegetable fat, 160; dextrimaltose, 375; 
and mineral mixture, 22.3. It was fortified 
with adequate amounts of vitamins A, D 
and C. A B-vitamin mixture was also pro- 
vided and contained adequate amounts of 
thiamine, riboflavin, niacinamide, calcium 
pantothenate, pyridoxine, inositol, para- 
aminobenzoic acid, folacin, choline chloride, 
biotin and vitamin By. The diet was pre- 
pared by mixing the dry nonvitamin ingre- 


dients with the melted fat component and 
enough warm water to yield a cereal-like 
product that could be spoon-fed. For the 
younger infants this was mixed with addi- 
tional water so that it could be bottle-fed as 
a liquid formula. The intake of the diet was 
held to about 125 calories per kilogram of 
body weight daily, but in some instances 
this was increased to 150 calories. In pre- 
liminary studies 2 premature infants were 
fed the experimental diet for the first few 
days of life. Their weight curves corre- 
sponded with those expected for normal 
healthy infants. All infants took the feedings 
readily and appeared to like it. 

When it had been established that the diet 
permitted normal growth, either threonine 
or phenylalanine was omitted from the diet 
and replaced with an equivalent amount of 
glycine. The amino acid under study was 
then re-introduced in varying amounts to 
determine the minimum level compatible 
with the criteria used to determine nutri- 
tional adequacy. The criteria of normalcy 
used were growth, nitrogen retention, and 
plasma protein levels. The urinary amino 
acid excretion pattern was studied in some 
infants in the hope that this might serve as 
a criterion of adequacy of the amino acid 
under study. 

Eight infants, ranging in age from 6 to 
135 days at the start of experimental feeding, 
served as subjects to determine the threonine 
requirement. When the daily threonine in- 
take rangéd between 45 and 87 mg. per 
kilogram of body weight, the subjects gen- 
erally exhibited a normal nitrogen retention 
and a normal growth rate. On intakes be- 
tween 0 and 45 mg. per kilogram of body 
weight the subjects had lowered nitrogen 
retentions (in one case a negative nitrogen 
balance) and reduced weight gains. The 
subjects generally lost weight during periods 
when the diet contained no threonine. Three 
subjects were maintained on the diet with 
no threonine for one week. All exhibited 
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weight loss, and developed glossitis and a 
reddening of the buccal mucosa. These 
symptoms subsided promptly when threo- 
nine was added to the diet. Serum proteins 
were noticeably affected by threonine defi- 
ciency in only one subject, in whom a reduc- 
tion in the globulin fraction was observed. 

Decreased nitrogen retention from low 
threonine intake could be accounted for 
through an increase in nitrogen excretion in 
the urine, although no consistent amino- 
aciduria was observed. There was a con- 
sistent reduction in threonine excretion in 
the urine during periods when the diet was 
deficient in threonine. Histidine appeared 
to be excreted in increased amounts during 
periods of threonine deficiency. 

The authors came to the conclusion that 
although infants vary somewhat, their 
threonine requirement appears to be about 
60 mg. per kilogram of body weight per day 
between 1 and 6 months of age. As in the 
studies reported by Rose (loc. cit.) in human 
adults, it was also evident from the data 
that the caloric intake necessary for normal 
weight increases in infants was about 25 per 
cent higher than that generally considered 
necessary when intact proteins are fed 
rather than the amino acid mixture. Based 
on the data obtained with 6 infants, the 
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phenylalanine requirement was found to be 
approximately 90 mg. per kilogram of body 
weight per day. Five days of feeding the diet 
free of phenylalanine did not produce any 
clinical symptoms of deficiency. As_ in 
threonine deficiency, subnormal phenylala- 
nine intakes resulted in subnormal growth 
and reduced nitrogen retention. Eight- to 
ten-fold decreases in urinary phenylalanine 
excretion were observed when this amino 
acid was omitted from the diet. A deficiency 
of this amino acid also elevated the urinary 
loss of histidine. 

As might be anticipated, the amino acid 
requirements of the growing infant, per unit 
of body weight, are considerably above the 
values obtained by Rose to maintain nitro- 
gen balance in adults. Contrasted with the 
values for infants of 60 to 90 mg. per kilo- 
gram of body weight for threonine and 
phenylalanine respectively, Rose’s values 
for young adults are 7.0 and 15.5 mg. for 
threonine and phenylalanine respectively. 
In comparison with the threonine and 
phenylalanine requirements of 87 and 169 
mg. per kilogram of body weight, respec- 
tively, as proposed by A. A. Albanese (/. 
Clin. Nutrition 1, 44 (1952)) for infants, the 
presently reported values appear to be lower 
than the earlier estimate. 


HUMAN HEART CHANGES IN PROLONGED POTASSIUM DEFICIENCY 


In a recent article by P. M. McAllen 
(Brit. Heart J. 17, 5 (1954)) clinical chronic 
potassium deficiency has been correlated 
with postmortem histologic and biochemical 
observations in man. The pathologic changes 
of acute and chronic potassium deficiency 
have been well described in the experimental 
animal (Nutrition Reviews 1, 180 (1942)) 
and were amplified by J. E. French (Arch. 
Path. 53, 485 (1952)) and B. Spargo (J. Lab. 
Clin. Med. 43, 802 (1954)). The acute myo- 
cardial changes in man have been reported 
by I. I. Goodof and C. M. MacBryde (J. 
Clin. Endocrinol. 4, 30 (1944)) and J. D. 


‘Keye (Circulation 5, 766 (1952)), who re- 
viewed the necropsied cases reported by 
others. The cardiologic and other clinical 
characteristics have been summarized by 
J. G. Perkins, A. B. Petersen, and J. A. 
Riley (Am. J. Med. 8, 115 (1950)) and 
reviewed (Nutrition Reviews 10, 163 (1952)). 
The study by McAllen is_ particularly 
important, and supplements previous ob- 
servations, because it includes one of the 
few well documented descriptions of the 
effects of severe chronic potassium defi- 
ciency on the human heart. 

In his report McAllen attempts to charac- 
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terize the cardiac changes which he observed 
after prolonged clinical potassium deficiency 
in 2 patients and to correlate the patho- 
logic findings with the clinical observations. 
He also relates the clinical sequence of 
events with some of the recent advances in 
the knowledge of electrolyte imbalance. In 
these 2 patients, one with chronic steatorrhea 
and one with ulcerative colitis, there were 
prolonged low serum potassium concentra- 
tions and characteristic electrocardiographic 
changes consisting of depression of the ST 
segment and a low T wave. Hypotension 
and severe generalized muscular weakness 
characterized the clinical condition. 

In the first patient the cardiac changes 
observed at autopsy included focal loss of 
striation and vacuolization of myocardium 
as well as many focal areas of loose fibrous 
tissue between or replacing myocardial 
fibers. No coronary artery changes were 
observed. The subendocardial localization 
of the lesions usually described in the potas- 
sium-deficient experimental animal appar- 
ently was not seen in this patient. Another 
difference between experimental and clinical 
potassium deficiency is the much _ lower 
level of myocardial potassium necessary to 
produce lesions in man. Although marked 
myocardial lesions have been reported in 
the experimental animal with the heart 
_potassium depressed to 65 per cent of 
normal by R. H. Follis, E. Orent-Keiles, and 
E. V. McCollum (Am. J. Path. 18, 29 
(1942)), this patient’s myocardial potassium 
was reported to be about 5 per cent of 
normal and yet the lesions were not very 
severe. 

In the second patient the myocardial 
changes were much more severe and led to 
clinical and electrocardiographic changes 
suggestive of myocardial infarction. The 
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patient died following embolic episodes in 
the brain and right leg. At autopsy much 
larger areas of myocardial fibrosis were 
found, mostly left ventricular. Where the 
scarring involved the endocardium, mural 
thrombi were found. The coronary arteries 
were not notably altered and again the only 
apparent reason for the severe myocardial 
and endocardial fibrosis was the prolonged 
potassium deficiency. 

The findings in the second case appear to 
resemble the severe endocardial and myo- 
cardial fibrosis, with or without thrombosis, 
which has recently been reported and 
described in high incidence in certain parts 
of Africa by J. Higginson, A. D. Gillanders, 
and J. F. Murray (Brit. Heart J. 14, 213 
(1952)) and by A. W. Williams, J. D. Ball, 
and J. N. P. Davies (Tr. Roy. Soc. Trop. 
Med. Hyg. 48, 290 (1954)). No coronary 
lesions were found in the hearts of these 
people, and the cause of the severe and 
frequently fatal myocardial damage is not 
yet known. Although simple dietary potas- 
sium deficiency is probably not the etiologic 
explanation for the African lesions, chronic 
diarrheas, prolonged protein deficiency and 
other factors may be suggested as con- 
tributing conditions which might unmask a 
latent potassium deficiency. 

The importance of auxiliary factors such 
as protein depletion by chronic diarrhea 
or dietary protein deficiency (P. R. Cannon, 
L. E. Frazier, and R. H. Hughes, Metabolism 
1, 49 (1952)) and the presence of a high 


sodium intake (Cannon, Frazier, and 
Hughes, Jbid 2, 297 (1953); Nutrition 


Reviews 12, 75 (1954)) in making dietary 
potassium deficiency more severe and more 
apparent is emphasized by McAllen in his 
analysis of these cases. 


NUTRITIONAL STATUS OF AN AGED POPULATION 


The detailed data on the nutritional 
status of healthy older people in San Mateo 
County, California, have appeared (H. L. 


Gillum, A. F. Morgan, and co-workers, 
J. Nutrition 65, 265, 289, 431, 449, 655, 671 
(1955)). The first reports from this study 
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(Nutrition Reviews 13, 204 (1955)) corre- 
lated some of the dietary and biochemical 
findings with the health of the people 
examined. The study involved an extensive 
survey of dietary habits, estimation of a 
large number of blood constituents, and 
medical histories and examinations with 
special emphasis on nutritional status, and 
was done during the fall of 1948 and spring 
of 1949. In the summer and fall of 1952 a 
follow-up medical questionnaire, one-day 
diet record, physical examination, and blood 
and urine analysis were secured on 306 of 
the original subjects. In 1955 a medical 
questionnaire and one-day diet record were 
obtained from most of the subjects. 

The survey included 280 men and 297 
women over 50 years of age. The ages ranged 
up to 95 years with an approximately equal 
distribution in all but the last decade (only 
5.7 per cent of the group were 80 and over). 
All of these people were in good health and 
had not had occasion to be under the care of 
a physician for the three months prior to 
the first examination. Most of the subjects 
were in the middle-income bracket. All of 
the women and most of the men lived at 
home. There were 47 men in the group who 
lived in a county home for older men. All 
but 3 of the men in the county home group 
were over 60 years of age. 

Diet. Dietary data were obtained from 
seven-day food intake records kept by the 
participants who lived in their own homes 
and from three-day records secured at the 
county home for older men. The seven-day 
dietary histories were supplemented by an 
interview with the nutritionist to determine 
whether the records represented the cus- 
tomary intake of the subject. 

The daily caloric intake for the women 
averaged 1680 calories, the protein intake 
59 g., and the iron intake 10 mg. There is an 
indication that the intake of calories and 
protein decreased slightly with age. The 
caloric intake of the men living at home 
averaged 2380 calories, the protein intake 
83 g., and the iron intake 15 mg. daily. The 


men residing in the county home consumed 
an average of 1870 calories, 61 g. of protein 
and 13 mg. of iron. The older men living at 
home consumed less calories, protein and 
iron than the younger men. There was no 
apparent change with age for the men in the 
county home. 

The reduction in caloric intake with age 
was related to the reduction in body weight. 
The average weight of the women aged 50 
to 54 was 68.2 kg. This weight decreased to 
63.2 kg. for the women 75 or more years of 
age. The corresponding values for the men 
living at home were 74.1 and 70.5 kg. The 
body weights of the men living at the county 
home were practically the same as those of 
the women at the same age. 

Hematology. (H. L. Gillum and A. F. 
Morgan, J. Nutrition 65, 265 (1958)). 
Blood samples were secured by venipunc- 
ture. The average hemoglobin level for 
the women was 13.4 g. per cent, with no 
significant change over the age range 
from 50 to 80 years. There was a small but 
insignificant drop in the hemoglobin levels 
of the women above that age. The mean 
value for the men was 14.5 g. per cent. 
Here again, there was a drop in the value 
for the men who were over 80 years of age. 
In this study anemia was assumed to 
exist if the hemoglobin were 11 g. per cent 
or less. On this basis, approximately one per 
cent of the men and women in the age group 
50 to 69 were anemic, 3 per cent in the 70 to 
79 year group, and 4 per cent in the 80 and 
over group. 

Since there is considerable variation in 
the reported normal values of hemoglobin 
for younger adults, it is difficult to compare 
the above findings with any recognized 
standard. It would appear that the hemo- 
globin levels in these older people were 
within the range reported for normal young 
adults (A. F. Morgan and H. L. Gillum, 
Fed. Proc. 18, 469 (1954); Nutrition Reviews, 
loc. cit.). The analytic method was carefully 
standardized before the analyses were 
started. For this reason, the values secured 
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in the San Mateo survey should serve as a 
standard of reference for future work. 

Since a previous study in six northeastern 
states with people of all ages showed a 
significant correlation between hemoglobin 
levels and dietary iron and protein intakes 
(Nutrition Reviews 12, 298 (1954)), the 
data collected in the San Mateo study were 
examined to see if the same relationship 
existed. The hemoglobin level was related 
to the protein intake as shown by a correla- 
tion coefficient of +0.12, and was also 
related to the iron intake, with a correlation 
coefficient of +0.13. These two correlation 
coefficients were significant at the 1 per cent 
level. 

The mean packed cell volume for the 
women was 44.6 per cent, and for the men, 
47.1. These values were directly related to 
the hemoglobin levels and, like the latter, 
showed a drop in the individuals about 80 
years old. These values are in the upper 
normal range for younger adults. 

The sedimentation rate for the women 
was 20.8 mm. per hour, that for the men, 
12.6. There was an upward trend in this 
rate for women in the older age groups. The 
sedimentation rate for the men remained 
fairly constant up to age 80, after which it 
approached that of the women. 

Blood Glucose. (H. L. Gillum, A. F. 
Morgan, and R. I. Williams, /. Nutrition 
55, 289 (1955)). Blood samples’ were 
secured two or more hours after the last 
meal. The subjects were requested to make 
this meal one primarily of carbohydrates. 
The exact time intervening since eating was 
recorded. The analytic technic used was one 
which excluded most of the nonglucose 
reducing substances in the blood. The mean 
blood sugar level of the women was 101, 
that of the men living at home, 103 mg. per 
cent. Ten women and 12 men had levels 
above 130 mg. per cent. There was no 
difference in the blood sugar levels attribut- 
able either to age or sex. 

Glucose was present in the urine of 36 
subjects (time of collection for urine samples 
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was not stated). Eighteen of these had blood 
sugar levels above 130 mg. per cent; the 
other 18 had lower levels. 

The men in the county home had a mean 
blood sugar level of 85 mg. per cent. In 
spite of their low average blood sugar level, 
there was a fairly high incidence of diabetes 
in this group, judged by presence of both 
hyperglycemia and glycosuria. For all of the 
subjects the mortality rate (determined in 
the 1952 follow-up) was directly related to 
the blood sugar level. Individuals with 
blood sugar levels under 100 mg. per cent 
had a mortality rate of 7.1 per cent, those 
with levels of 100 to 129 had a rate of 7.6, 
and those with levels over 130 mg. per cent 
had a mortality rate of 16.6 per cent. 

The blood sugar levels in the men and 
women living at home were high when 
compared to the values reported for younger 
adults (76 to 96, average 86 mg. per cent; 
M. Somogyi, J. Biol. Chem. 174, 189 (1948)). 
In young people, the blood sugar is back to 
the fasting level two hours after the start of 
a glucose tolerance test. In older people 
such is not the case, as shown by the San 
Mateo findings for people living at home 
and as discussed by E. P. Joslin and co- 
workers (“The Treatment of Diabetes 
Mellitus,” 9th edition, pp. 158-9, Lea and 
Feliger, Philadelphia (1952)). The only 
problem in the San Mateo findings is the 
low average blood sugar value for the men 
in the county home. No explanation is 
apparent for this finding. 

There was a suggestion that in the women 
the blood sugar level was directly related to 
the fat intake, but this was not seen in the 
men. There was no relationship of blood 
sugar to carbohydrate or protein intake for 
either men or women. 

Ascorbic Acid. (A. F. Morgan, H. L. 
Gillum, and R. I. Williams, J. Nutrition 
55, 431 (1955)). The serum used for the 
ascorbic acid determination was collected 
at the same time as the blood sugar sample. 
Each subject was questioned to make sure 
no foods containing large amounts of vita- 
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min C were consumed in the meal two hours 
prior to venipuncture. These examinations 
were made from October to May. The 
differences in intake of fresh fruits and 
vegetables during this period were not large 
because of the relatively constant supply of 
these foods in the local markets. 

The serum ascorbic acid level in the 
women was 1.07 mg. per cent, that in the 
men living at home 0.83, and that in the 
men at the county home was 0.27 mg. per 
cent. For all age groups the women had 
higher ascorbic acid levels than the men. 
There was no indication of a change with 
age. 

The ascorbic acid intake of the men living 
at home was greater than that of the women 
(99 versus 86 mg. per day). The ascorbic 
acid level in the blood was directly related 
to the dietary intake of the vitamin, as 
shown by a correlation coefficient of +0.46 
for the entire group. The relationship was 
significant at the 1 per cent level. 

The above correlation might have been 
even higher had due allowance been made 
for the presumed unduly large loss of ascor- 
bic acid during cooking in the county 
home for the men. On the basis of studies 
by M. L. Dodds, E. L. Price, and F. L. 
MacLeod (J. Nutrition 40, 255 (1950)) 
and J. E. Haines et al. (Ibid. 33, 479 (1947)), 
one would have expected higher ascorbic 
acid levels among the men in the county 
home had their intake actually been 40 mg. 
per day (their intake was calculated from 
dietary tables). Another thing that might 
have increased the correlation coefficient 
would have been the inclusion of vitamin 
supplements in the calculations of the 
dietary ascorbic acid intake. Supplements 
which might have contained ascorbic acid 
were taken by 18 per cent of the men and 
11 per cent of the women. These were not 
included in the intake calculations, since 
more men than women took them, and this 
would have enhanced the discrepancy. 

It is noteworthy that 24 per cent of the 
men and 32 per cent of the women regularly 
took some form of dietary supplement. In 
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most cases, these were multivitamin prep- 
arations, some of which also contained 
minerals. This compares with 44 per cent of 
the older people in Westchester County, 
New York, who used vitamin preparations 
(see Nutrition Reviews 13, 81 (1955)). 

For the entire group there was a slight 
relation between the level of ascorbic acid 
and the condition of the gums and the teeth. 
There were 39 per cent who had no teeth 
and 17 per cent with some degree of gingi- 
vitis. The greatest proportion of these 
occurred in the group with serum ascorbic 
acid levels below 0.3 mg. per cent. 

Although there are practically no refer- 
ences in the literature to sex differences in 
the serum ascorbic acid levels, Morgan, 
Gillum, and Williams (loc. cit.) point out that 
J. B. Youmans and co-workers (Am. ./. 
Hyg. 42, 254 (1945)) found higher ascorbic 
acid levels in women than in men in all but 
one age group. A study in Oregon (C. A. 
Storvick, M. L. Hathaway, and R. M. 
Nitchals, Milbank Memorial Fund Quart. 
29, 255 (1951)) showed that a considerably 
higher percentage of boys than of girls 
had ascorbic acid levels less than 0.6 mg. per 
cent; the reverse was true of the levels 
above 0.7 mg. per cent. A study in North 
Carolina (P. Putnam and co-workers, /bid. 
27, 355 (1949)) showed that for the women 
over 15 years of age the serum ascorbic 
acid levels were significantly greater than 
for men of the same age. In the latter study 
this difference existed even though the 
ascorbic acid intakes of the males were 
slightly greater than those of the females. 

On the basis of the serum ascorbic acid 
levels and ascorbic acid intakes Morgan, 
Gillum, and Williams (loc. cit.) concluded 
that men have a higher requirement for this 
vitamin than do women. This conclusion 
will have to be accepted with reservation 
until additional evidence other than blood 
levels is forthcoming, especially since the 
oral pathology did not show such clear sex 
differences as did the ascorbic acid blood 
levels. 

Serum Cholesterol. (H. L. Gillum, A. F. 
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Morgan, and D. W. Jerome, J. Nutrition 
55, 449 (1955)). Serum cholesterol deter- 
minations were run on the blood sample 
secured at the time of venipuncture. The 
men living in their own homes had serum 
cholesterol levels averaging 241 mg. per 
cent, whereas the level in the women was 
270 mg. per cent. The men in the county 
home had an average level of 209 mg. per 
cent. 

At all age levels, a large percentage of the 
women had cholesterol levels that were 
approximately 20 to 30 mg. per cent higher 
than those of the men. Only 7 per cent of 
the men had values over 300 mg. per cent, 
but 22 per cent of the women exceeded 
this value. For this reason, Gillum, Morgan, 
and Jerome (loc. cit.) state that the value 
indicative of hypercholesteremia must be 
defined separately for men and women. 
The free cholesterol was 27 to 28 per cent of 
the total for both men and women; this 
proportion did not vary in any age group. 
There was a downward trend in the choles- 
terol ievels of the men with each decade. 
However, the cholesterol level in the women 
remained high until age 75, when a sharp 
drop occurred. This drop was also seen in 
the men. The changes in the cholesterol 
levels of the men with advancing years 
agree well with the findings of A. Keys et al. 
(J. Clin. Invest. 29, 1347 (1950)). 

The higher cholesterol levels in older 
women had been reported previously by 
W.B. Kountz, A. Sonnenberg, L. Hofstatter, 
and G. Wolff (Biol. Symposia 11, 79 (1945)), 
who found a mean cholesterol level of 237 
mg. per cent in 94 institutionalized women 
ranging from 41 to more than 81 years, and 
by W. Hobson, A. Jordan, and C. Roseman 
(Lancet TI, 961 (1953)), who found a mean 
cholesterol level of 310 mg. per cent for 141 
women 61 to 87 years of age, while the level 
in 91 men 66 to 85 years of age was 268. 
The higher cholesterol levels in older women 
than in older men is in contrast to the sim- 
ilarity in the blood cholesterol levels of 
younger men and women (Keys ef al., loc. 
cit.). 
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The lower serum cholesterol levels for 
men could not be accounted for on the basis 
of diet. The men had a higher intake of 
cholesterol, fat and protein than the women. 
The difference between the men and women 
as far as cholesterol levels were concerned 
is highlighted in the cholesterol intakes. 
The men in the county home had fat and 
cholesterol intakes which were identical 
with those of the women. However, the 
serum cholesterol levels of these men were 
60 mg. per cent lower. 

The relation between fat intake and 
cholesterol level is still subject to consider- 
able controversy. L. W. Kinsell and co- 
workers (see Nutrition Reviews 13, 8 (1955)) 
maintain that only fat of animal origin is 
important in influencing the cholesterol 
level of the serum. A. Keys and others 
(see Ibid. 12, 270 (1954); 18, 44 (1955)) 
claim that the total fat intake is the im- 
portant factor in determining serum cho- 
lesterol levels. 

The studies among the older residents of 
San Mateo County indicated that the 
serum cholesterol levels were more closely 
related to the total fat intake than to the 
animal fat intake. However, the former 
correlation coefficient was only +0.15 in 
men and +0.09 in women. The correlation 
for the men was significant at the 1 per cent 
level, while that for women was barely 
significant at the 5 per cent level. 

There was a slight correlation between the 
serum cholesterol levels and the ascorbic 
acid levels for the women. However, there 
was no such relationship for the men. It was 
suggested that the parallelism between the 
ascorbic acid and cholesterol levels in the 
women was related to the metabolism of the 
steroid hormones. 

The cholesterol levels tended to be low in 
the men who were 20 per cent or more 
underweight and high in the men who were 
20 per cent or more overweight. This was 


not the ease for the women. There was no © 


relationship between blood pressure and 
serum cholesterol levels in any of the groups. 
Vitamin A. (H. Gillum, A. F. Morgan, 
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and F. Sailer, J. Nutrition 65, 655 (1954)). 
The serum vitamin A and carotene levels 
decreased with age in both men and women. 
The mean vitamin A values by decades 
were 60, 54 and 50 micrograms per cent for 
the men and 57, 57 and 50 micrograms per 
cent for the women. The carotene levels were 
119, 116 and 109 micrograms per cent for 
the men, 123, 127 and 113 micrograms per 
cent for the women. A decrease in the serum 
vitamin A level with age had also been 
reported by H. A. Rafsky and B. Newman 
(Gastroenterology 10, 1001 (1948)). Other 
workers (E. Kirk and M. Chieffi, J. Nutri- 
tion 36, 315 (1948); Nutrition Reviews 9, 
321 (1951)), in confirmation of the San 
Mateo study, found no sex differences in 
the serum vitamin A or carotene levels of 
middle-aged and elderly subjects. Only 5.6 
per cent of the subjects had serum vitamin 
A levels below 30 micrograms per cent (the 
suggested lower limit associated with good 
nutrition), and 5.2 per cent above 80 
micrograms per cent. 

Physical signs of vitamin A deficiency 
were seen in practically all of the subjects. 
These symptoms were not restricted to the 
individuals with low levels of serum vitamin 
A. Thickening of the bulbar conjunctiva 
occurred in almost all of the subjects. It was 
suggested that this was a normal effect of 
aging. Skin xerosis was seen in 11 per cent 
and Bitot’s spots in 28 per cent of the 
subjects. The distribution of these symp- 
toms was not related to the serum vitamin 
A levels or vitamin A intakes, or to sex. 

Approximateiy 40 per cent of the total 
vitamin A intake for the men and women 
living in their own homes was from carotene, 
For the men in the county home, this figure 
was 29 per cent. About 11 per cent of the 
men and 20 per cent of the women took 
vitamin A supplements more or less regu- 
larly. 

Although there was a slight correlation 
between vitamin A intake and the serum 
vitamin A level in both men and women, 
there was a greater relation between the 
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serum carotene and the carotene intake. For 
the latter the correlation coefficient was 
+0.37. 

According to the calculations of Gillum, 
Morgan, and Sailer (loc. cit.), the mean 
dietary intakes of vitamin A for the men 
living in their own homes was 10,640 1.v., 
that of the women 8450 1.v., and that of the 
men living in the county home 5450 1.v. 
The remarkable fact was that these high 
dietary intakes of vitamin A were main- 
tained even in the oldest age group. (The 
supplements were included in the dietary 
calculations.) 

Blood Nitrogenous Constituents. (A. F. 
Morgan, M. Murai, and H. L. Gillum, 
J. Nutrition 56, 671 (1955)). The serum 
protein levels determined by the specific 
gravity technic averaged 6.4 g. per cent for 
both the men who lived in their own homes 
and the women. The men who lived in the 
county home had an average level of 6.6 g. 
per cent. One woman had a serum protein 
level below 5.5, while only 9 subjects had 
levels above 7.0 g. per cent. 

The serum protein levels found in* these 
older people in San Mateo County are low 
compared to the average of 7.2 g. per cent 
observed by D. F. Milam (see Nutrition 
Reviews 4, 255 (1946)) for younger adults. 
Low plasma proteins were also observed by 
QO. Olbrich (Edinburgh Med. J. 55, 100 
(1948)) in 78 older subjects (average 
plasma protein, 5.7 g. per cent). On the 
other hand, H. A. Rafsky, A. A. Brill, 
K. G. Stern, and H. Corey (Am. J. Med. 
Sci. 224, 522 (1952)) found an average 
plasma protein level of 7.0 in 31 older people. 

There was no correlation between the 
serum protein level and dietary protein 
intake. Since the hemoglobin levels did 
show a relation to protein intake, these 
authors state that in this group the hemo- 
globin level was a better index of protein 
nutritional status than was the serum pro- 
tein level. A similar conclusion was reached 
for the normal young men who were subjects 
in the Minnesota starvation experiment 
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(A. Keys and co-workers, ““The Biology of 
Human Starvation,” Vol. J, p. 420, Univ. of 
Minnesota Press, Minneapolis (1950)). 

The nonprotein nitrogen in the men aver- 
aged 38 mg. per cent and 34 in the women. 
Both of these levels are slightly on the high 
side when compared with published normal 
values. The significance of these high values 
is debatable since the present group of 
subjects was reputedly free of disease. 

The uric acid level in the men averaged 
3.24 mg. per cent, and 2.98 for the women. 
The men had slightly higher uric acid levels 
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for all age groups, but these differences 
were not significant. The uric acid levels 
were not related to either the protein or the 
fat intake. 

The above reports of the nutritional sur- 
vey on older people in San Mateo County 
represent a monumental contribution to the 
increasingly important field of gerontology. 
Dr. Morgan and her co-workers have pro- 
vided herein a great deal of basic informa- 
tion on the blood constituents for a large 
group of healthy aged people. 


BREAD—WHITE AND BROWN 


R. A. MeCance and E. M. Widdowson 
(Lancet II, 205 (1955)) have reviewed in in- 
teresting fashion the history of the white 
versus brown bread controversy from 
biblical times to the present. This excellent 
lecture cannot be summarized, but the 
authors point out that as early as Greek and 
Roman times white bread was associated 
with the social class that could afford it and 
dark bread with “rags and poverty.” Also, 
wholemeal bread was countryman’s fare 
while white bread stood for city life and 
sophistication. Whole meal thus became 
a symbol to some of the good old days and 
the simple life when men were fit and strong 
and lived to a ripe old age. Socrates replied 
that this would mean that the whole 
population would be living on pig food. 
Although no experimental evidence was 
available to support the psychologic sym- 
bolism associated with wholemeal breads, 
the authors point out that the Hippocratic 
school of medicine was aware that bran 
increased the bulk of the feces. Thus Galen 
rated the nutritive value of breads as 
varying inversely with the amount of bran 
they contained, since the greater the amount 
of bran, the greater were the losses in the 
feces. 

The authors then trace the development 
of the milling industry through the years, 


the gradual replacement of barley, rye and 
oats in England by wheat with its much 
better baking qualities, and the continued 
controversy over the merits of white and 
brown bread. A few continued to champion 
whole wheat bread with religious fervor. 
In 1683 Tryon wrote that “it was wrong for 
anyone ...to separate the bran from the 
finest flour. Nature required both to nourish 
the body and...cleanse the system.” 
Nevertheless, white flour remained a treat 
and the preferred food of all who could 
afford it. 

During the 1800’s, with improvements 
in milling practices, control over unscrupu- 
lous adulterations in the milling and baking 
industry, and the development of feeding 
practices in the animal industry, it became 
more profitable to mill the flour finely. 
White bread became available to all. 
“So everyone, or nearly everyone, was 
happy.” Graham, Allinson, and others 
constituted a small but vociferous group 
which extolled the merits of whole wheat 
bread largely on the basis that it was a 
“natural” and therefore “right”? food for 
man. Balance studies, such as those of 
Liebig, demonstrated essentially what Hip- 
pocrates had taught 2000 years before, 
that the increased fecal losses resulting 
from the use of whole wheat bread largely 
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counterbalanced the increase in yield of 
nutrients obtained by its use. Until the 
discovery of the vitamins the scientists 
were thus a relatively neutral group. 

At the beginning of the century the vita- 
mins were discovered. After the first World 
War began Parliament ordered the use of a 
high extraction flour during the grain 
shortage, although this was opposed by 
the millers, the animal husbandrymen, and 
many who complained of the bread from 
this flour. Following the war there was a 
return to free milling and white bread, but 
scientific evidence was now beginning to 
accumulate which demonstrated an inferi- 
ority of the white bread. With the coming of 
the second World War, the “‘battle of bread” 
was fought over again. In March 1942 the 
shipping situation was such that again the 
extraction rate of flour was raised to 85 
per cent. “The war was fought on bread 
made from this meal, and during the war 
the national health improved.” With the 
end of the war, the decision had to be made 
again as to whether to allow a return to 
white bread or not. More scientific evidence 
was available and the pressure groups were 
more firmly organized. The authors state 
that “It is rather important to realize that 
the whole issue had now changed. It was 
no longer whether high-extraction flour was 
better than white—nobody questioned that 
—but whether white flour enriched with B 
vitamins and iron was as good as the natural 
80% or 85% extraction flour.” 

The authors then briefly discuss the 
results of their extensive studies with 
German school children, which have been 
been previously reviewed (see Nutrition 
Reviews 18, 131 (1955)). The principal 
findings were that on diets which contained 
practically no animal products and where 
bread supplied approximately 75 per cent 
of the total calorie intake, the children did 
very well by all criteria used and white un- 
enriched bread gave as good results as 
either enriched bread or bread made from 
high extraction flours. Milk supplements 


produced no demonstrable improvement. 
They also showed that whereas young 
weanling rats grew better upon diets con- 
taining the bread made of whole wheat, this 
advantage was not apparent when some- 
what older rats were used. McCance and 
Widdowson assert that these results show 
clearly that it is dangerous to generalize too 
widely and “It follows, therefore, that if... 
one wishes to know whether brown bread 
is or is not more nutritious than white he 
must define very clearly the conditions for 
which an answer is required.” Also, “The 
results were unexpected because general 
opinion and also scientific opinion had been 
wrong in laying so much emphasis on the 
value of high extraction for all persons under 
all conditions. The mistake was made 
partly because scientists, ourselves among 
them, had allowed themselves to be drawn 
into a controversy with commercial inter- 
ests which was fatal to scientific detachment, 
and partly because they had become asso- 
ciated in this controversy with administra- 
tors anxious to promote what they termed 
‘positive health,’ and with a most interesting 
group of people with subjective beliefs which 
can be traced back almost unchanged for 
thousands of years.” 

It is too much to expect that the conclu- 
sions of McCance and Widdowson will be 
accepted in their entirety, nor should they. 
In the same issue of Lancet (II, 235 (1955)) 
their work is discussed in an editorial. The 


‘tone of the editorial is clear from the second 


sentence. “On each occasion when the 
extraction-rate has been lowered we have 
deplored the consumption of whiter bread, 
and we go on deploring it even now that 
the flour is enriched with nutrients . . .”’ and 
“We maintain unrepentantly that, when 
it is a question of altering what has been a 
staple food for a... long time, the onus of 
proving advantage lies on those who wish to 
make the alteration .. .”” The editorial then 
points out strongly that the white flour 
used by McCance and Widdowson in the 
German experiments contained somewhat 
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more of the B-vitamins than is usual in 70 
per cent extraction flour. They therefore 
feel that these experiments were not really 
germane to the problem of deciding what 
kind of flour should be provided in England. 
In fact, the editorial states that ‘There 
seems... to be no reason whatever why the 
children should not have grown optimally 
even upon the 70 %-extraction flour without 
fortification.” This is a rather strange 
conclusion in view of the modern emphasis 
upon the importance of animal protein in 
the diet and also when it applies to a diet 
which contained only 0.6 mg. of riboflavin. 
The editorial makes it clear that neither 
the work nor words of McCance and his 
colleagues have laid to rest the ghost of 
Graham and his predecessors, nor is this 
likely to happen in the near future. The 
advocates of high extraction flours still 
rely upon supposed benefits which remain 
‘to be demonstrated in human nutrition. 
It will be agreed, and McCance and Widdow- 
son make the point, that these experiments 
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do not answer many of the questions con- 
cerning the possible advantages of either 
enriched or high extraction flours when 
applied to another situation. If the results 
are explained simply upon the basis of the 
thiamine, niacin and riboflavin in the flours, 
as the editorial attempts to do, arguments 
for the superiority of high extraction flours 
are weakened, since this can undoubtedly 
be supplied by enrichment. The studies 
certainly emphasize the oft-repeated but, 
apparently, little-believed dictum that there 
are many ways to make a diet adequate. The 
scientist should be concerned with deter- 
mining the amounts of the various nutrients 
required under different conditions and in 
seeing that the population receives adequate 
amounts of each. Unfortunately our know!l- 
edge is still not entirely equal to the task, 
but as our information increases it should 
be possible to supply adequate diets with 
less and less restriction upon the choice of 
foods. 
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IMPROVED YIELDS AND BETTER NUTRITIVE VALUE OF RICE 


Rice is an important food in many areas 
of the world. Hence, it is vital to know how 
to improve its yield and nutritional quality. 
Even small gains in either of these fields 
can make substantial contributions to the 
well-being of people who depend largely on 
this cereal for their nutrients. 

A series of studies to determine the opti- 
mum circumstances during milling in order 
to reduce breakage of the rice grains has 
been conducted by H. 8. Autrey, W. W. 
Grigorieff, A. M. Altschul, and J. T. Hogan 
(J. Agr. Food Chem. 3, 593 (1955)). One 
estimate of the losses due to breakage in the 
harvesting and processing of rice suggests 
that anywhere from 10 to 30 per cent of the 
rough rice is broken and hence has to be 
sold for lower prices than does the unbroken 
head rice. Nine per cent of the unhulled 
rough rice is recovered as bran and polish 


and about 21 per cent as hull and waste. 
Thus between 40 and 60 per cent of the 
rough rice is used for human consumption. 
If no breakage occurred during the milling 
operation, it has been estimated that the 
value of the rice crop in a single year in the 
United States would be increased by about 
$15,000,000 and additional amounts of 
rice would be available for human consump- 
tion. 

The rice milling process consists of four 
distinct operations: cleaning, hulling, scour- 
ing and grading. In the cleaning process, the 
nonrice contaminants are removed, Hulling 
consists of removal of the outer husks from 
the kernel. Bran removal or scouring is 
accomplished in three steps with two 
scouring machines or hullers, and a brush or 
polisher in series. It is noteworthy that 
bran adheres to the rice endosperm in 
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considerably different degrees, requiring 
varying intensity of scouring for complete 
removal. The variety of the rice is one factor 
which causes different degrees of bran 
adhesion. For example, five to eight times 
greater pressure is required to mill Zenith 
rice than to mill Bluebonnet rice to the same 
degree. 

These investigators found that the great- 
est amount of kernel breakage during mill- 
ing occurred during hulling and in the bran 
removal process. After a wide variety of 
studies, they found that several factors 
could be controlled to advantage. For ex- 
ample, the temperature of the rough rice 
when the milling process is begun should be 
the same as the temperature of the mill 
room. For optimum yields the mill should 
be maintained at an atmosphere of 70 to 80 
per cent relative humidity, or if this is not 
possible, this humidity should be maintained 
in the several areas of the mill in which the 
major amount of breakage occurs. They 
also found that the use of steam and 
abrasives at critical points in the milling 
process not only decreased the amount of 
breakage but also increased the amount of 
rice that could be processed in a given time. 
By the application of these factors in the 
pilot mill they were able to achieve an 
appreciably higher yield of head rice than 
is customary in the ordinary commercial 
operation. 

In recent years, considerable interest has 
centered in the processing of rice in order to 
improve the nutritive qualities of the milled 
product by retention in the endosperm of 
some of the nutrients from the bran. 
The parboiling process has received the 
most attention. This procedure was devel- 
oped in the Orient and consists of soaking 
rough (unhulled) rice in water for several 
hours, draining off the water, steaming the 
rice, and drying it in the sun. Unattractive 
color, taste and odor often occur in the 
native product due to fermentation. Various 
patented processes have been developed in 
order to improve upon this original native 
procedure. One process, known as rice 
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conversion, utilizes vacuum during the 
soaking and drying process in order to 
reduce the time needed. A second, the 
Malek parboiling process, involves the use 
of steam pressure to reduce the length of 
cooking time. 

M. C. Kik (J. Agr. Food Chem. 3, 600 
(1955)) has studied the influence of these 
two commercial processes on the biologic 
value of the protein, the vitamin B-complex 
content and the amino acid content. He 
observed that the rate of growth in im- 
mature rats was 4.41 per cent greater when 
the test diet contained milled, converted 
rice than when it contained rice that had 
been milled without prior conversion. 
Similarly, milled parboiled rice permitted 
a 34.1 per cent greater rate of growth than 
did the comparable milled nonparboiled 
sample. The same animals showed that the 
protein in the converted rice could be used 
23.1 per cent more efficiently than that in 
the nonconverted rice. The protein in the 
parboiled rice could be used 14.5 per cent 
more efficiently than that in the nonpar- 
boiled rice. Likewise, the biologic value, true 
digestibility and net utilization of proteins 
were appreciably higher in the rats consum- 
ing the diets with converted rice and par- 
boiled rice than those consuming the diets 
containing either the nonconverted or the 
nonparboiled rice. Since excess amounts of 
the required vitamins were fed to the ani- 
mals in all four rations, the improvement 
noted among the animals fed the treated 
rice preparation could not be explained on 
the basis of different vitamin concentrations 
in the several diets. 

The results of the amino acid determina- 
tions were calculated on the air-dried 
samples and also were expressed in terms of 
percentages of the crude proteins. The 
amino acid content in converted and par- 
boiled milled rice was slightly higher in 
many instances than that observed in 
nontreated milled rices. However, these 
differences were extremely slight and of 
questionable importance. 

Substantial increases in thiamine, ribo- 
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fiavin and niacin contents were noted in the 
converted and the parboiled rice prepara- 
tions. The latter observations confirm 
earlier ones by M. C. Kik and F. B. Van 
Landingham (Cereal Chem. 20, 569 (1943)) 
and by Kik (Jbid. 23, 529 (1946)). In 
addition, the studies in the present investi- 
gation indicated that there were consider- 
able increases in the concentrations of biotin, 
total and free folacin, pyridoxine, choline, 
para-aminobenzoic acid, pantothenic acid 
and inositol. Increased levels of calcium, 
phosphorus and total and available iron 
were also observed, as had been reported 
previously by W. R. Vinacke, E. Harzler, 
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and Y. Tanada (Hawaii Agr. Exp. Station 
Bull. 337 (1949)). 

It is obvious from these studies of the 
availability of the proteins in converted 
and parboiled rice and from the improved 
concentration of 10 B-complex vitamins 
and 3 minerals that these treatment pro- 
cesses add appreciably to the nutritional 
value of rice. In those areas where rice is an 
important component of the diet these 
processes merit consideration as a means of 
dietary improvement, provided the cost is 
not excessive, the product is acceptable to 
the population, and the improvement of the 
actual dietary thus achieved is cheaper than 
other methods available. 


LEUCINE-ISOLEUCINE ANTAGONISM 


It has been repeatedly observed that the 
feeding of excessive quantities of a single 
amino acid may adversely affect the growth 
of experimental animals. The suggestion 
has been made that such a phenomenon 
may be the result of competitive inhibition, 
that is, the excessive quantity of one amino 
acid may inhibit the utilization of a struc- 
turally related amino acid (Nutrition Re- 
views T, 203 (1949)). If this suggestion is 
the correct explanation for certain amino 
acid imbalances there are practical applica- 
tions. Many proteins used for human and 
animal foods contain excessive quantities 
of some of the amino acids. If this high 
concentration of amino acid in the protein 
precipitates a deficiency of a structurally 
related amino acid then the addition of this 
latter amino acid to the diet should improve 
the quality of the protein. 

The report of A. E. Harper, D. A. Benton, 
and C. A. Elvehjem (Arch. Biochem. Bio- 
phys. 57, 1 (1955)) is of interest in this 
connection. These workers observed that 
feeding high levels of leucine to rats under 
certain conditions retarded growth and that 
supplementation of the diet with isoleucine 
relieved the growth inhibition. In the first 
experiments it was found that when weanling 


rats were given a purified diet with 9 per 
cent casein and the usual vitamins and 
minerals, the addition of 3 per cent L-leucine 
markedly reduced growth. In contrast, 
when the basal diet contained 18 per cent 
casein no such growth depression resulted 
from extra leucine. This suggested that some 
of the amino acids in casein were protecting 
the rats from toxic effects of high levels of 
dietary leucine. In line with this suggestion 
the effect of supplementing the 9 per cent 
casein-3 per cent leucine diet with various 
amino acids was next tested. It was found 
that of the amino acids used only isoleucine 
relieved the growth inhibition resulting 
from feeding high levels of leucine. The 
addition of\1 per cent pi-isoleucine to the 
high leucine diet restored the growth rate 
essentially to that obtained when no extra 
eucine was given to the animals. 

Since zein, the protein from corn, is 
known to contain high levels of leucine these 
workers studied the effects of isoleucine 
supplementation on the growth of zein- 
and corn-fed rats (D. A. Benton, A. E. 
Harper, and C. A. Elvehjem, Arch. Biochem. 
Biophys. 57, 13 (1955)). Weanling rats were 
again given a purified diet containing either 
zein or ground corn as the protein source. 
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Growth of rats receiving the unsupplemented 
zein or ground corn diets was poor. The 
effect of supplementing these diets with 
various mixtures of amino acids was tested 
and it was found that only isoleucine was 
appreciably effective in improving growth. 
As an example of the magnitude of the 
effect of isoleucine supplementation, the 
rate of gain of rats receiving 89 per cent corn 
with no amino acid supplement was 3.7 g. 
per week; rats receiving this diet supple- 
mented with 0.6 per cent DL-isoleucine 
gained 22.3 g. per week. 
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The results of these experiments strongly 
suggest that leucine may act as an isoleucine 
antagonist and inhibit its utilization for 
protein synthesis. Such a situation may exist 
with other amino acids, as has been pointed 
out previously (Nutrition Reviews, loc. cit.). 
Since many human dietaries contain protein 
with abnormally high concentrations of 
certain amino acids, a consideration of 
amino acid antagonism might suggest 
which amino acids would be the most 
effective supplements for the diets. 


GRAPHIC ANALYSIS OF GROWTH 


Nutritional research frequently empha- 
sizes alterations in the rate of growth of 
organisms, or of specific portions of organ- 
isms. Methods for analyzing such induced 
changes in rates of growth often pose 
difficult problems for investigators, because 
of the wide variation in weight or size which 
so frequently occurs within normal popula- 
tions. E. E. Osgood (Pediatrics 15, 733 
(1955)) has offered a method of growth 
analysis which may prove useful to many 
other investigators. 

Good approximations of normal growth 
curves, using several types of quantitative 
data, were obtained by using the equation 


Yr (‘: 

"1 
where y = any variable measured in terms 
of weight, volume, or cell number, and ¢ = 


d log y 
time. The zx in the equation = “Tar 
Plotting individual measurements on 2- or 
3-cycle log log paper, Osgood found that 
this equation yielded straight-line approx- 
imations of normal growth curves over 
relatively long periods of time, with sharp 
and easily defined inflections at birth, the 
onset of the prepubertal spurt, and the end 


of puberty. The exponent x is the slope of 


the straight line obtained by plotting the 
logarithms of y against ¢, and can be de- 
rived easily by reading the values of y at the 
points of crossing of any logarithmic cycle 
on the x (time) axis, and then subtracting 
the logarithm of the y value on the left 
edge of the cycle from the logarithm of the 
y value on the right-hand edge of the same 
cycle. 

The specific growth rate of the organism 
or tissue, during the period being studied, is 


expressed as 1°), and the specific accelera- 


2 
tion as -+(*) . All tissues growing at equal 


rates give the same value for the exponent 
x, regardless of the absolute weights of such 


_tissues. The exponent is zero when there is 


no change, and negative when there is a 
decrease in the value of y during a measured 
period of time. Therefore, the rates of growth 
of different tissues may be compared by 
comparing the ratios of their exponents. 
Since growth data conform to a straight- 
line curve on log log paper over a relatively 
long period of time, this method of analysis 
may be useful in predicting future measure- 
ments under stable environmental and 
nutritional conditions. One known past or 
present value of y is always included in the 
equation when solving for another value of 
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y. This provides safe predictability, since 
past or present weight of an individual or 
population is highly correlated with values 
at other times. 

Osgood considers the major advantages 
of this method of growth analysis to be that 
it provides satisfactory approximations 
when applied to widely differing types of 
data, such as total nitrogen, body water, 
blood volume, and weights of bodies or 
organs, and that it is applicable over long 
periods of time, and over increments of 
growth by factors of from 2 to 1 million 
times. 

Applying the method to an analysis of 
standard data from the literature, Osgood 
found that growth in body weight in man 
can be expressed by a single straight line 
from 0.1 year to 7.5 years, the exponent 
(x) of this line being 0.4. A second straight 
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line, with an exponent of 1.3, includes the 
prepubertal and pubertal growth spurt 
from about 7.5 years to 14 to 16 years for 
girls, and 16 to 19 years for boys. A third 
line, describing growth in weight during 
adult life, lasts from the end of the pubertal 
spurt until about 45 or 50 years, and has an 
exponent of 0.1 for men and 0.08 for women. 
Similar analyses are made of data concerning 
the growth of the liver, bone marrow, 
spleen, thymus and cells of the circulating 
blood. 

Laboratory workers will find the method 
applicable to the study of the effects of 
alterations in nutritional status in relatively 
small population groups, since rate of growth 
becomes the significant result of analysis. 
The method is applicable to animal research, 
and should be useful in studying normal as 
well as abnormal growth of various animal 
species. 


THE INFLUENCE OF THE PANCREAS ON IRON ABSORPTION 


The excessive absorption of an essential 
nutrient is a paradoxic situation which has 
been recognized clearly in the case of iron. 
Mechanisms for the excretion of iron from 
the body are extremely limited. Under most 
physiologic circumstances a partial intes- 
tinal mucosal block exists which protects 
the organism from excessive iron absorp- 
tion. The nature of this barrier and its 
possible relation to intestinal ferritin has 
been discussed previously (Nutrition Re- 
views 4, 291 (1946)). In certain pathologic 
states the protection against the absorption 
of too much iron is inadequate and iron is 
deposited in the liver and other organs as 
hemosiderin. In the human disease called 
hemochromatosis the reason for the failure 
of the mucosal block to operate properly has 
not been established. Experimentally a 
number of procedures will lead to hemo- 
siderosis. For instance, diets high in iron and 
low in phosphates lead to hemosiderosis in 


rats and dogs (Ibid. 8, 7 (1950)) and pyr- 
idoxine deficiency has a similar effect in 
rats (Ibid. 8, 15 (1950)). 

The importance of the pancreas in main- 
taining the intestinal barrier to superfluous 
iron was suggested by observations of J. 
Taylor, D. Stiven, and E. W. Reid (J. Path. 
Bact. 41, 397 (1935)). These workers found 
that pancreatectomy or ligation of the pan- 
creatic duct in cats led to deposition of iron 
in the livers. Morphologic changes in the 
villi of the small intestine were believed to 
be of etiologic significance. Observations 
were also made on cats exhibiting spon- 
taneous siderosis. It was speculated that “a 
malnutrition of the intestinal mucosa may 
lie at the back of the too easy entrance of 
food iron.” 

This problem was restudied in dogs by 
T. D. Kinney and co-workers (Am. J. 
Path. 26, 746 (1950)). Successful ligation of 
the pancreatic duct with resultant atrophy 
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of the acinar portion of the pancreas was 
associated with an increase in hepatic iron 
from 3 to 31 mg. per 100 g. of wet liver in 
control dogs to 54 to 122 mg. in the dogs 
with ligated pancreatic ducts. In one dog 
studied with radioactive iron (Fe®) follow- 
ing duct ligation, the absorption of iron was 
greater than in normal dogs. When duct- 
ligated dogs were fed raw pancreas in addi- 
tion to their chow the hepatic iron was 
maintained at a more normal level. 

The importance of the pancreas in iron 
absorption has also been demonstrated in 
rats with ethionine-induced pancreatic dam- 
age by T. D. Kinney, N. Kaufman, and J. 
Klavins (J. Exp. Med. 102, 151 (1955)). 
Groups of rats were fed a diet containing 
pL-ethionine. This analogue of methionine 
produces pancreatic acinar and _hepato- 
cellular damage, presumably by competition 
with the utilization of methionine. After 
four weeks on a diet containing 0.5 per cent 
pL-ethionine, well developed pancreatic 
degeneration was evident in these rats. 
The concentration and total amount of 
hepatic iron in ethionine-fed rats was much 
greater than that of control rats, as deter- 
mined by histologic evaluation and chemical 
analyses. This was true both on the basal 
diet and when the diet was supplemented 
with 2 per cent ferric citrate. The increased 
quantities of liver iron could not be at- 
tributed to the weight loss of the ethionine- 
treated rats, because a group of normal rats 
subjected to caloric restriction and under- 
going the same weight loss as the ethionine- 


NUTRITION REVIEWS 23 


fed rats did not show an increase in total 
hepatic iron. 

The possibility that the increase in iron 
in the liver was due to a shift in body iron 
associated with weight loss was investigated 
in control and ethionine-fed mice. As in the 
rat, there was an increase in the concentra- 
tion and total amount of iron in the livers 
of the ethionine-fed mice. This was not due 
to a shift of extracellular to hepatic iron 
because there was an increase in both 
hepatic and total body iron in these experi- 
ments. 

The results of these several investiga- 
tions in four different animal species are 
consistent in demonstrating increased iron 
absorption or an increase in iron deposits in 
the tissues under conditions of inadequate 
pancreatic acinar function. The recent ex- 
periments with ethionine feeding are more 
difficult to interpret than the older work 
using experimental surgery because of the 
widespread metabolic changes which must 
occur following ethionine administration. 
In commenting on the possible significance 
of pancreatic pathology in the human iron 
storage disease (hemochromatosis), Kinney 
remarks: “It has been generally assumed 
that pancreatic damage was one of the end 
results of hemochromatosis. ... The possi- 
bility that excessive iron absorption might 
be the result rather than the cause of the 
pancreatic fibrosis has not been considered.” 
The mechanism by which the pancreas 


exerts its influence over the absorption of 


iron remains to be established. This problem 
presents a promising field for future research. 


SOURCES OF TUMOR NITROGEN 


The accumulation of protein nitrogen 
within growing tumor tissue has been viewed 
as a relatively one-way process. Recent 
work by J. Greenlees and G. A. LePage 
(Cancer Research 15, 256 (1955)) has shown 
that the degree of anaplasia (loss of differen- 
tiation) of the tumor is concerned in the 


reversibility of nitrogen retention. In mice, 
two anaplastic tumors (15091A and TA3) 
were found to incorporate glycine-2-C™ as 
quickly as the liver and kidney of the host 
and to lose it much more slowly than the 
host tissues in either fed or fasted animals. 
Even in the fasted animals, the tumor 
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continues to gain weight and accumulate 
C" at the expense of the host. 

Most interesting was a study with a 
spontaneous mammary tumor which was 
transplanted through 12 generations. The 
original tumor and the early transplants 
lost nitrogen when the host was fasted. By 
the twelfth generation, when the transplants 
had become anaplastic (lost differentiation) 
the tumor gained nitrogen during fasting of 
the host. The early transplants demon- 
strated active turnover of glycine-2-C™; the 
anaplastic transplants, on the other hand, 
showed very little protein turnover, although 
radioactivity increased. This suggested that 
the greater the degree of anaplasia, the 
more successful was the tumor as a “‘nitro- 
gen trap.” 

When TAS ascites cells, previously labeled 
with glycine-2-C", were incubated in the 
mouse peritoneal cavity for twenty-four to 
forty-eight hours, a slow loss of radio- 
activity from the cells was noted—about 9 
per cent in twenty-four hours. Thus, the 
authors conclude that tumor tissue is a 
‘nitrogen trap” in a relative sense only, and 
that this characteristic may vary widely 
from tumor to tumor and from one grade to 
another of a particular tumor. 

This topic had previously been ap- 
proached in a different way by A. L. Babson 
and T. Winnick (Cancer Research 14, 606 
(1954)). Walker carcinoma was labeled with 
tyrosine-2-C“ and transplanted into nor- 
mal rats. The loss of radioactivity from the 
tumor to the host was measured, and it was 
found that there was a slow loss of C“ from 
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the tumor during a period of rapid tumor 
growth. To be noted is the large loss of 
radioactivity the first day after transplanta- 
tion, due presumably to autolysis of non- 
viable cells. 

These investigators studied the form in 
which nitrogen is taken up by tumor tissue. 
Both free and conjugated amino acids were 
determined, and the level of the latter was 
found to be higher in the tissues of the 
tumor-bearing rats than in normal animals. 
Simultaneous administration of leucine-2-C™ 
and tyrosine-2-C™ showed that both amino 
acids appeared in the tumor at levels com- 
parable to those in the plasma. The labeled 
leucine: tyrosine ratio in the tumor was not 
affected by feeding unlabeled leucine but 
was somewhat lowered by the intravenous 
administration of large amounts of unlabeled 
leucine. Thus, the amino acid uptake by the 
tumor was rapid enough to require large- 
scale dilution of the metabolic pool before 
the effects were evident. The incorporation 
of labeled leucine administered in the con- 
jugated form was not influenced by un- 
labeled free leucine, indicating that the 
conjugated form is probably utilized as such 
by liver, kidney and tumor. 

Thus, it has been shown that certain tu- 
mors can maintain themselves and grow 
while the host is in negative nitrogen 
balance. The “nitrogen trap’ has been 
shown to vary with the grade of the tumor. 
The nitrogen used by tumor tissue may be 
in the form of amino acids, peptides, or 
other uninvestigated forms. 


PANTOTHENIC ACID AND METHIONINE IN THE NUTRITION OF 
THE RAT 


Evidence is accumulating to support a 
metabolic relationship between pantothenic 
acid and methionine in the nutrition of the 
rat. M. M. Nelson, F. Van Nouhuys, and 
H. M. Evans (J. Nutrition 34, 189 (1947)) 
reported that growth and survival of rats 
fed pantothenic acid-deficient diets were 


improved when the casein content was in- 
creased from 24 per cent to 64 per cent. 
That more vitamin was actually available 
to the rat on the higher protein diets was 
indicated by a higher urinary excretion of 
pantothenic acid by the rats on diets con- 
taining 64 per cent casein. These inves- 
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tigators interpreted their results as indicat- 
ing a sparing action of high protein diets on 
the pantothenate requirement, either by 
providing an actual decrease in the need 
for the vitamin or by producing a limited 
biosynthesis from certain of the amino acids. 
Subsequently these workers demonstrated 
that the same sparing action on the pan- 
tothenate requirement could be obtained 
with supplementary methionine (Nelson 
and Evans, Proc. Am. Chem. Soc., March 
2?-April 1, 1949). 

J. 5S. Dinning, R. Neatrour, and P. L. 
Day (J. Nutrition 58, 557 (1954)) have re- 
ported similar results in rats fed diets more 
severely limiting in methionine than those of 
Nelson and co-workers. On pantothenate- 
deficient diets containing 18 per cent washed 
alpha protein (equivalent to about 0.27 per 
cent methionine as compared to 0.70 per 
cent methionine in diets containing 24 per 
cent casein) these workers found no growth 
and a 60 per cent mortality in weanling rats 
in eight weeks. The addition of 0.1 per cent 
methionine to the deficient diet increased 
growth to 0.35 g. per day and reduced the 
mortality to 37 per cent, whereas the addi- 
tion of 0.43 per cent methionine increased 
growth to 0.9 g. per day and abolished the 
mortality. Additional growth stimulation oc- 
curred on pantothenate-deficient diets with 
1.7 per cent supplementary methionine. In 
the presence of protective amounts of pan- 
tothenate, maximum growth occurred at 
0.43 per cent methionine. This systematic 
study confirms and extends the previous ob- 
servations of Nelson ef al. that a sparing 
action of methionine can be demonstrated 
for pantothenate when growth and survival 
of the weanling rat are used as criteria. 

Dinning et al. (loc. cit.) also studied leuko- 
cyte concentrations in the peripheral blood 
in their animals for additional evidence of a 
methionine-pantothenate interrelationship. 
J. S. Dinning, L. D. Payne, and P. L. Day 
(J. Nutrition 43, 525 (1951)) had previously 
shown that methionine deficiency in the rat 
resulted in leukopenia which could be cor- 
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rected by the addition of methionine alone, 
or by betaine in the presence of folacin and 
vitamin By. F. 8. Daft, A. Kornberg, L. L. 
Ashburn, and W. H. Sebrell (Pub. Health 
Reports 60, 1201 (1945)) had also previously 
observed leukopenia in severe pantothenic 
acid deficiency in the rat. 

The reports of a depression of leukocyte 
formation in both pantothenate and methio- 
nine deficiencies in the rat seemed good evi- 
dence for the selection of the leukocyte count 
as a second criterion for determination of the 
degree of interrelationship for these nutri- 
ents. Dinning ef al. found that animals on 
their basal diet, 7.e., low in both methionine 
and pantothenate, showed a marked depres- 
sion of peripheral leukocytes, primarily 
lymphocytes. The addition of pantothenate 
resulted in some increase, but even in the 
presence of pantothenate, 0.1 per cent of 
dietary methionine was required to produce 
normal lymphocyte values. In the absence of 
added pantothenate, a much larger amount 
of dietary methionine, 7.e., 1.73 per cent, 
was required for the maintenance of normal 
lymphocyte counts. The response of the 
leukopoietic system under these conditions 
thus lends additional support to the hypothe- 
sis of a nutritional relationship between 
methionine and pantothenate in the rat. 

It is of interest that P. P. Ludovici, A. E. 
Axelrod, and B. B. Carter (Proc. Soc. Exp. 
Biol. Med. 72, 81 (1949)) have found that 
pantothenic acid-deficient rats show a poor 
antibody response to injected group O, Rh- 


positive human erythrocytes as compared 


with pair-fed and pair-weighed controls. 
These workers have found further (/bid. 76, 
670 (1951)) that the addition of methionine 
at a level of about 2 per cent to the basal 
pantothenate-deficient ration containing 25 
per cent casein improved the antibody re- 
sponse without much effect upon growth. 
The lack of an effect on growth is probably 
due to the high level of methionine used in 
the basal ration. It has thus been shown by 
four criteria (growth, survival, leukocyte 
formation and antibody formation) that a 
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metabolic interrelationship between panto- 
thenate and methionine exists. The basic 
mechanism of this interrelationship is not 
yet clear, although certain speculations are 
permissible. 

It is now definitely established that the 
functional form of pantothenic acid in me- 
tabolism is coenzyme A (F. Lipmann, Sci- 
ence 120, 855 (1954)). Coenzyme A contains 
an organic sulfur moiety, beta-mercapto- 
ethylamine, as well as pantothenate, and it 
‘has been suggested on the basis of enzymatic 
studies in rat liver by M. B. Hoagland and 
G. D. Novelli (J. Biol. Chem. 207, 767 
(1954)) and demonstrated with S*-tagged 
cystine in the intact rat by C. 8. Yang and 
R. E. Olson (Fed. Proc. 13, 483 (1954)) that 
the source of coenzyme A sulfur is cystine. 
Cystine, of course, can be derived from 
dietary methionine. It has been shown fur- 
ther by Olson and J. 8. Dinning (Ann. N.Y. 
Acad. Sci. 57, 889 (1954)) that sulfur-amino 
acid deficiency in the rat results in a lowering 
of hepatic coenzyme A levels in the presence 
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of adequate amounts of dietary pantothe- 
nate. It seems probable, therefore, that an 
abundance of cystine and cystine precursors 
in the diet would improve the utilization of 
pantothenic acid for coenzyme A synthesis. 

Whether this accounts entirely for the ob- 
served relationship between methionine and 
pantothenate is somewhat questionable. 
From the study of Dinning et al. (1951, loc. 
cit.) the function of methionine in leukocyte 
formation appears to be related to its ability 
to generate a labile methyl group. Since no 
experiments in which cystine was employed 
as a supplement to diets producing leuko- 
penia have been reported, it is not possible to 
determine the extent to which the observed 
relationship between methionine and pan- 
tothenate is dependent upon the organic sul- 
fur of methionine as opposed to its labile 
methyl group. No role for pantothenate in 
transmethylation has been demonstrated as 
yet, although this possibility should be in- 
vestigated. This interesting interrelationship 
is certainly open for further study. 


GROWTH HORMONE AND THE UTILIZATION OF SULFATE BY 
CARTILAGE 


In a recent review the use of radioactive 
sulfate as a tool for the study of cartilage 
metabolism in deficiencies of vitamins A and 
D was described (Nutrition Reviews 13, 51 
(1955)). It is becoming apparent that this 
technic also will provide a useful tool in 
studying hormonal influences on cartilage 
growth. 

The importance of the pituitary in main- 
taining the metabolic activity of cartilage 
has been the subject of some recent investi- 
gations. 8. Ellis, J. Hublé, and M. E. Simp- 
son (Proc. Soc. Exp. Biol. Med. 84, 603 
(1953)) have compared the ability of carti- 
lage from normal rats, hypophysectomized 
rats, and hypophysectomized rats receiving 
growth hormone to incorporate radioactive 
sulfate. Animals in the latter group received 
growth hormone for three days. The rats 
were all given a dose of radioactive sulfate 


intravenously and groups were killed thir- 
teen, nineteen, and twenty-five hours later. 
Measurements were made of the specific 
activity of the plasma sulfate and the sulfate 
of the costal cartilage after acid hydrolysis. 
At the three time periods studied the specific 
activity of rib cartilage of hypophysecto- 
mized rats was much less than normal. The 
administration of growth hormone caused a 
return of the ability to incorporate sulfate to 
nearly normal levels. At the earlier time 
periods the specific activity of the plasma 
sulfate was much higher in the hypophysec- 
tomized rats than in the normal animals. 
Growth hormone did not alter this to any 
significant degree. When the results of this 
experiment were expressed as a ratio between 
the cartilage and plasma sulfate, the differ- 
ence between the normal and hypophysec- 
tomized rats was even more striking. 
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Confirmation of these findings has been 
reported by W. H. Daughaday, W. R. Mur- 
phy, and C. Hartnett (Fed. Proc. 14, 34 
(1955)). These workers have measured the 
uptake of labeled sulfate into the proximal 
end of the tibia which includes the epiphys- 
eal plate. The decline in the ability to incor- 
porate radiosulfate was well established four 
days after hypophysectomy and had reached 
maximum levels fourteen days after opera- 
tion. Pretreatment with growth hormone for 
only twenty-four hours prior to the adminis- 
tration of sulfate produced as much augmen- 
tation in uptake as when the same daily dose 
was given for longer periods. The response 
of the tibial epiphysis was found to be pro- 
portional to the dose of growth hormone. 

C. W. Denko and D. M. Bergenstal (Endo- 
crinology 57, 76 (1955)) have described the 
effects of hypophysectomy and growth hor- 
mone on the uptake of sulfate by four dif- 
ferent types of cartilage and a number of 
other tissues in the rat. In their experiments 
growth hormone was administered for nine 
days, accompanied by a dose of radiosulfate. 
Other groups of rats received only radiosul- 
fate. When compared to normal rats of the 
same age, a significant decrease in the ability 
to incorporate radiosulfate occurred only in 
the case of costal cartilage. Cartilage from 
the tibial cap, xiphoid cartilage and meniscus 
(interarticular cartilage) of hypophysecto- 
mized animals actually incorporated more 
sulfate than did comparable tissues from 
normal rats. Similar changes were observed 
in the other tissues studied. The failure of 
the other cartilages from hypophysecto- 
mized animals to demonstrate less incorpora- 
tion of radiosulfate can probably be attrib- 
uted to the design of the experiments and is 
more apparent than real. During the period 
of injection the control rats nearly doubled 
their body weight whereas the hypophysec- 
tomized rats grew very little. The dose of 
radiosulfate was the same irrespective of 
body weight and the results were expressed 
as counts per minute per milligram of car- 
tilage. It is possible that if the dose of sulfate 
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had been given on the basis of body weight 
a different result might have been obtained. 

The effects observed by these authors fol- 
lowing the daily administration of growth 
hormone for nine days was unequivocal. A 
three-fold increase in the uptake by costal 
cartilage was observed. Lesser increments 
were measured in the uptake by tibial cap, 
xiphoid cartilage and meniscus. Definite but 
lesser increases were measured in the uptake 
of sulfate by the ear, coats of the eye, lymph 
node, and skeletal and cardiac muscle. When 
a similar dose of growth hormone was admin- 
istered to normal rats several tissues demon- 
strated a paradoxic decrease in sulfate 
incorporation. In the other tissues studied no 
significant change was noted. The authors in 
considering this observation remark, ‘“Fur- 
ther work must be undertaken to determine 
whether or not this is a true example of the 
hypersensitivity of the hypophysectomized 
animal to growth hormone and whether such 
hypersensitivity, if it exists, resides in the 
cartilage or is of more general origin.”’ 

The thyrotropin present as a contaminant 
in the growth hormone preparations could 
not account for the observed changes in 
hypophysectomized rats. The daily admin- 
istration of the amount of thyrotropin which 
bioassays indicated was present as a con- 
taminant did not cause any appreciable 
change in 8** uptake. Further evidence that 
the effect can be attributed to growth hor- 
mone was provided in a comparison of the 


ability of partially inactivated and totally 


heat-inactivated growth hormone prepara- 
tions to increase sulfate uptake and body 
weight. 

It is customary to consider sulfate as an 
excretory end product of the metabolism of 
organic sulfur-containing compounds. It is 
obvious from the experiments discussed 
above that sulfate is actively incorporated 
into all of the tissues of the body which have 
been studied. The uptake into cartilage is 
relatively far greater than into other tissues 
because of the high concentration of sulfate 
present in chondroitin sulfate. Because the 
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processes of growth and nutrition are so 
closely related, the striking action of growth 
hormone in hypophysectomized rats in in- 
creasing sulfate utilization should be of 
interest to nutritionists. This response, one 
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of the most sensitive biochemical evidences 
of growth hormone which has been recog- 
nized, suggests a relatively specific action of 
growth hormone on the synthesis of sulfate- 
containing glycoproteins. 


TOXICITY OF HEATED AND AERATED OILS 


The literature of the past twenty years is 
replete with references concerning the tox- 
icity of rancid fat (see, for example, Nutrition 
Reviews 22, 18 (1944); G. O. Burr and R. H. 
Barnes, Physiol. Rev. 28, 256 (1943)). In 
general, two agents have been held respon- 
sible for the toxic effects, peroxides and 
polymerized products. However, no clear-cut 
evidence has been available to permit a de- 
cision that either of these two substances is 
primarily responsible. Recently two papers 
have appeared, apparently supporting dia- 
metrically opposite views on the subject. 

N. Matsuo (J. Biochem. (Japan) 41, 647 
(1954)) investigated the development of 
toxicity on standing of a highly unsaturated 
fatty acid ester prepared from cuttlefish oil. 
This ester originally had an iodine number of 
342, a peroxide number of 2 (milligrams per 
100 mg.) and an apparently good nutritive 
value. On standing at room temperature, 
however, the peroxide number increased to a 
maximum of 4400 at forty-two days and then 
declined while the iodine number decreased 
steadily till at 180 days the two values were 
1200 and 120 respectively. Increasing the 
temperature increased the rate of both 
changes and decreased the peroxide number 
maximum. Thus at 100° C., the peroxide 
number maximum was only 240 at ten 
hours, at which time the iodine number was 
245. Unfortunately, composition of diets 
used and other data from the feeding experi- 
ments are not given. However, the author 
states that inclusion of 5 per cent of the fatty 
acid ester with a peroxide number of 3112 
and an iodine number of 137 was fatal to 
rats, while a further oxidized sample with 
peroxide number 85 and iodine number 77 
showed no toxic action. In another experi- 
ment, an ester sample with peroxide number 


240 and iodine number 246 caused immediate 
decreases in body weight and death in seven 
days, while further oxidation produced a 
sample with peroxide number 30 and iodine 
number 156 which was no longer toxic and 
which, at the 5 per cent level, permitted good 
growth. 

Clearly the toxic substances formed in 
these experiments increased in the early 
stages of oxidation and declined as the oxida- 
tion proceeded past a maximum. This behav- 
ior parallels that of peroxide number, but 
the extent of polymerization should increase 
throughout the treatment. Final proof that 
the peroxides of these highly unsaturated 
acids are indeed toxic in themselves was re- 
ported recently by T. Kaneda, H. Sakurai, 
and §. Ishii (Bull. Japan. Soc. Sci. Fisheries 
19, 171, 1168 (1953-4)), who tested isolated 
peroxides free of other materials. 

Somewhat different experimental condi- 
tions were used in the work reported by H. 
Kaunitz, C. A. Slanetz, and R. E. Johnson 
(J. Nutrition 55, 577 (1955)). In these experi- 
ments a vegetable oil (cottonseed) was aer- 
ated 50 to 300 hours before inclusion in the 
diet. Since some of the rats on the experi- 
mental diets had daily caloric intakes as low 
as half those of the control animals, pair- 
feeding was used extensively. In this event, 
diets to be compared were always adjusted 
so that isocaloric amounts would contain 
identical amounts of treated oil and protein 
(casein). An oil which had been aerated and 
heated for 200 hours (no constants given) 
showed some toxicity (poor weight gain) at 
the 10 per cent level, was fatal to roughly 
half the animals at the 15 per cent level, and 
to all at the 20 per cent level. In one experi- 
ment for which the pertinent constants are 
given, mildly treated oil (peroxide number 
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191) permitted almost normal weight gain 
while more strongly treated oil (peroxide 
number 141) was fatal within a few weeks 
when both were fed at the 20 per cent level. 

A further point of interest in these experi- 
ments is the finding that when fresh oil was 
added to the treated oil, the toxic effect of 
the latter could be partially nullified. Ap- 
propriate experiments indicated that this 
effect could not be explained entirely on the 
basis of antioxidants and vitamins in the 
fresh oil. 

The authors concluded from these and 
previous experiments (H. Kaunitz and C. A. 
Slanetz, Proc. Soc. Exp. Biol. Med. 76, 322 
(1950)) that the amount of peroxides present 
in the diets was not related to the degree of 
toxicity, and that they were dealing with a 
polymerized product such as that described 


BIOCHEMICAL ROLE OF VITAMIN E 


Early interest in the possible role of vita- 
min E in biologic oxidation was aroused by 
the reports of Houchin and Mattill (see Nu- 
trition Reviews 1, 308 (1943)) that the oxygen 
consumption, and more specifically the suc- 
cinate-oxidizing ability, of dystrophic muscle 
from vitamin E-deficient animals were 
greatly enhanced. The observed in vitro inhi- 
bition of succinate oxidation by tocopheryl 
phosphate now appears to have been due 
indirectly to a binding of calcium and conse- 
quent accumulation of an inhibitor of suc- 
cinoxidase (see Ibid. 6, 346 (1948)), and 
possibly also to a direct inhibitory action of 
tocopheryl phosphate on the complex cyto- 
chrome system involved in succinate oxida- 
tion (W. M. Govier, V. Bergmann, and K. 
H. Beyer, J. Pharmacol. Exp. Therap. 85, 
143 (1945)). Hence this in vitro action seems 
relegated to an unspecific, unphysiologic 
role of the vitamin, although the abnormal- 
ity of accelerated oxidation processes in the 
vitamin-E deficient muscle remains unex- 
plained. 

The later demonstration of a semiquinone 
free radical of tocopherol by L. Michaelis and 
S. H. Wollman (Science 109, 313 (1949)) and 
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by E. W. Crampton and co-workers (J. Nu- 
trition 49, 333 (1953)). 

At first glance, it seems difficult to recon- 
cile the two sets of experiments beyond 
calling attention to the different types of oils 
and experimental conditions. However, it 
should be noted that Kaunitz and co-workers 
used more drastic conditions of treatment of 
the oil than did Matsuo. It is possible that in 
the case of the former workers, peroxide was 
destroyed at too great a rate to reach con- 
centrations which would make it the prime 
toxic factor. Matsuo, on the other hand, 
may not have continued his treatment long 
enough to obtain a sufficient concentration 
of the type of polymerization product neces- 
sary for toxicity. Further experiments are 
evidently necessary before a clear-cut de- 
cision can be made. 


the report of a reversibly oxidized, biologi- 
cally active “‘tocopheroxide” form of the vita- 
min (P. D. Boyer, J. Am. Chem. Soc. 73, 733 
(1951)) have maintained the possibility that 
vitamin E is directly involved in biologic ox- 
idation. This possibility is greatly strength- 
ened, and indeed only the final proof 
seems lacking, by the recent report of A. 
Nason and I. R. Lehman (Science 122, 19 
(1955)) that tocopherol is involved in the 
aerobic oxidation of reduced pyridine nucleo- 
tide (DPNH). 

It will be recalled that a considerable 
number of the substrates (foodstuffs) of the 
cell are dependent on the coenzyme DPN for 
their oxidation, and during this oxidation 
DPN is reduced to DPNH. Cellular respira- 
tion in large part thus depends on the regen- 
eration of DPN by aerobic oxidation of the 
DPNH. The enzyme system responsible for 
the latter activity, which comprises several 
components, has been called DPNH-oxidase. 
It seems certain that flavoproteins are im- 
mediately responsible for DPNH oxidation, 
and that flavoproteins must be in turn oxi- 
dized by cytochromes (iron-containing) and 
the terminal respiratory enzyme cytochrome 
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oxidase. The best known cytochrome is 
cytochrome c, and since this is reduced and 
easily observed spectroscopically during the 
oxidation of DPNH, the more complex sys- 
tem can be partially dissected for experi- 
mental study. The factor or factors necessary 
for reduction of cytochrome ec by DPNH 
may be termed ‘“‘cytochrome reductase,” 
and probably includes flavoprotein and less 
well known cytochromes such as_ cyto- 
chromes b and e (¢). 

Nason and Lehman worked with special 
preparations of rat skeletal muscle which 
exhibited oxidation of DPNH, and they ob- 
served spectrophotometrically the rate of re- 
duction of added purified cytochrome c. 
They then studied, as the title of their article 
states, ““Tocopherol as an Activator of Cyto- 
chrome C Reductase.’ After such a tissue 
enzyme preparation had been permitted to 
stand at —15° C. for two to ten days, its 
ability to catalyze the reduction of cyto- 
chrome c by added DPNH was enhanced 
several-fold by the addition of alpha-tocoph- 
erol or the tocopheroxide. It was somewhat 
more convenient to extract the enzyme 
preparation with isooctane. Such a treat- 
ment might be expected to remove lipid-like 
substances such as vitamin E, and it caused 
a considerable loss of cytochrome reductase 
activity of the tissue preparation. This loss 
of activity was also completely restored by 
addition of alpha-tocopherol. 

Since it is well known that changes in 
physical state and addition of various non- 
specific agents may affect the enzymatic 
activities of the type of system employed, 
the investigators tested a number of sub- 
stances to determine the specificity of the 
vitamin E effect. Several tocopheryl esters, 
vitamin K compounds, vitamin Ds, lipoic 
acid, cysteine, oleic acid, cholesterol, and a 
variety of antioxidants were ineffective in 
replacing alpha-tocopherol. Other tocopher- 
ols (beta and gamma) showed activity, 
although not in proportion to their reported 
biologic potencies. The tocopherol stimula- 
tion has also been demonstrated using prepa- 
rations from rat liver, yeast, Neurospora, 
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soybean leaves, beef heart, hamster muscle 
and human pectoral muscle. 

Several experiments were designed to lo- 
calize the site of the tocopherol action 
within the DPNH oxidase system. It was 
reported that the ability of the enzyme 
preparation to catalyze cytochrome c¢ reduc- 
tion by succinate was also lowered by isooc- 
tane treatment and reversed by tocopherol. 
According to present understanding, this 
would indicate that the action of tocopherol! 
is concerned with the less well defined cyto- 
chromes b and e (¢;), or acts between these 
components. Nason and Lehman also found 
that tocopherol partly reversed the inhibi- 
tory effect of antimycin A, a material fre- 
quently used in studies of biologic oxidation, 
and believed to act on cytochrome compo- 
nents directly responsible for cytochrome ¢ 
reduction. Finally, it was found that if an 
electromotively active dye such as 2,6-di- 
chlorophenolindophenol was used in place of 
cytochrome c, the effect of isooctane and 
tocopherol was no longer observed. Since 
reduction of such a dye may require a flavo- 
protein but not necessarily the cytochromes 
referred to, these experiments also implicate 
the cytochrome area for the tocopherol effect. 
It has not yet been established whether to- 
copherol might act as a part of some essential 
lipid material or might serve as an electron 
mediator, that is, by alternate oxidation and 
reduction. 

These investigators have as yet been un- 
able to detect free tocopherol, either spec- 
trophotometrically or by paper chromatog- 
raphy, in’ residues obtained from active 
isooctane extracts of the enzyme prepara- 
tions. This is unfortunate since the possibil- 
ity always remains that a substance other 
than vitamin E is responsible for the activity 
of the natural accelerator. The activity of the 
cytochrome reductase in vitamin E-deficient 
tissue is being studied by the authors and 
should contribute to the problem. Neverthe- 
less, even in the absence of final proof, the 
work of Nason and Lehman is very indica- 
tive of the biologic role of vitamin E, and 
promises to spur an active pursuit of the 
problem. 
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NOTES 


Letter to the Editor 


Dear Sir: 

In the review of our work on the metabo- 
lism of the sulfur amino acids during the 
healing of wounds (Nutrition Reviews 13, 218 
(1955)), your reviewer indicated that the 
value of the data in our paper would be much 
enhanced if pair-fed control animals and a 
record of the food consumption were in- 
cluded. In the description of our experi- 
mental conditions, mention is made of the 
fact that each rat was given, and consumed, 
8 g. of basal diet daily. From our previous 
experience, we had noted that this amount 
of diet is completely consumed by our ex- 
perimental animals in twenty-four hours. 
The animals in the experiments described 
followed the same course. 

We feel, therefore, that the criticism of the 
data is not apt. 

Martin B. Px.D. 
Department of Biochemistry 
Stritch School of Medicine 
Loyola University 

706 South Wolcott Avenue 
Chicago 12, Illinois 


American Board of Nutrition 


The American Board of Nutrition will 
hold the next examinations for certification 
as a Specialist in Human Nutrition, in April 
1956. Applications for certification should be 
in the office of the Secretary not later than 
February 1, 1956. Application forms may be 
obtained, on request, from the Secretary, 
Otto A. Bessey, Department of Biochem- 
istry and Nutrition, The University of Texas 
School of Medicine, Galveston, Texas. 


The Effect of Steroids on Human 
Leukocyte Metabolism 


Using methods developed for studying 
the metabolism of undamaged human leuko- 
cytes in vivo, 8. P. Martin, 8. N. Chaudhuri, 
R. Green, and G. R. McKinney (J. Clin. 
Invest. 33, 358 (1954)) have studied the 
effect of cortisone, hydrocortisone, com- 
pound desoxycorticosterone and choles- 
terol upon lactic acid formation and, in ad- 


dition, the effect of cortisone upon glucose 
and oxygen utilization. Cortisone and hydro- 
cortisone caused a diminution in lactate pro- 
duction under aerobic conditions by the 
leukocytes. The effects of desoxycorticos- 
terone and of cholesterol were of question- 
able or no significance, and compound S 
produced an increase which it was thought 
might be a pharmacologic effect of the 
steroid. Cortisone (compound E) caused a 
significant decrease in glucose utilization 
but no change in oxygen utilization or gly- 
cogen disappearance. 

The effects of these steroids disappeared 
when cells broken by grinding with alumina- 
gel were used instead of whole cells. 

The authors postulate that the decreased 
lactic acid production with the cortisone 
and hydrocortisone might have an anti- 
inflammatory action by inhibiting lactic 
acid formation and thus permitting less 
change in pH at the area of inflammation 
and possible longer survival of the cells. 


Present Knowledge in Nutrition 


“Present Knowledge in Nutrition” has 
just been published by the Nutrition Foun- 
dation in its second edition. This 130-page 
booklet has been brought completely up- 
to-date as of late 1955 from its first edition 
published in 1953. The source material of 
the monograph was originally published in 
Nutrition Reviews, and has been carefully 
revised in the light of results of current re- 
search. The first chapter on vitamin-enzyme 
relationships surveys the role of these im- 
portant metabolites in the nutrition of the 
organism, and leads to consideration, in suc- 
ceeding chapters, of present information on 
carbohydrates, fats and proteins, calories, 
parenteral nutrition, vitamins, minerals, 
methyl groups, and the relation of nutrition 
to dental caries. Students and professional 
workers in nutrition, medicine, dentistry, 
health education, and related fields will find 
this new revision a valuable digest and guide 
to current nutrition research and practice. 
Copies are available from The Nutrition 
Foundation, Inc., 99 Park Avenue, New 
York 16, New York. Price: $2.00 per copy. 
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CLINICAL NUTRITION BRIEFS 


“The assumption would seem valid that 
the patients dying of severe cardiac disease 
had not been well nourished for a consider- 
able period of time prior to death. Whether 
the deficiencies found were sufficient to im- 
pair the metabolism of heart muscle was not 
known, although, as the authors indicate, 
these evidences of undernutrition with re- 
spect to thiamine are certainly suggestive.” 
(Nutrition Reviews 18, 291 (1955), Thiamine 
in Human Heart Failure.) 


“The role of iron in human nutrition and 
in the therapy of iron-deficiency anemia is 
established beyond question. There is actu- 
ally little known about the roles of cobalt, 
copper, zinc and molybdenum in human nu- 
trition and in hematopoiesis. Claims that 
addition of these substances to iron prepara- 
tions enhances their therapeutic effect in 
patients with iron-deficiency anemia are not 
adequately substantiated.” (Nutrition Re- 
views 13, 292 (1955), Iron and Other Metals 
in Hematopoiesis. ) 


“This paper points out the important 
practical problem of adequately feeding the 
seriously injured patient. In certain spheres, 
for example infection, the presence of the one 
injury potentiates the other. Significant 
impairment of gastrointestinal function is 
likely to follow radiation injury and there is 
evidence that other metabolic disturbances 
may also occur. Data on the nutritional 
problems of individuals with combined ther- 
mal (or other traumatic) injuries and irradia- 
tion injury are needed.” (Nutrition Reviews 
13, 295 (1955), Nutrition Studies in Severely 
Burned Patients. ) 


“Within three minutes after the intrave- 
nous injection of 0.5 to 2.0 mg. of glucagon 
there was a complete abolition of hunger con- 


tractions. The subjects also stated that the 
sensation of hunger disappeared or decreased 
soon thereafter. The capillary blood sugar 
rose promptly after the administration of 
glucagon and by thirty minutes the level 
averaged 77 mg. per cent greater than the 
fasting level.”’ (Nutrition Reviews 13, 323 
(1955), Inhibition of Gastric Hunger by 
Glucagon.) 


“Of 11 of the patients with uncomplicated 
diabetes who failed to have a ‘normal’ re- 
sponse to ACTH the administration of large 
doses of pantothenic acid was apparently 
successful in producing normal eosinopenic 
responses to intramuscular ACTH in 8. On 
the basis of this finding the authors con- 
cluded that ‘the defective adrenal cortical 
function of some diabetics can be attributed 
to a relative deficiency of pantothenate.’ ” 
(Nutrition Reviews 13, 325 (1955), Diabetes, 
Pantothenic Acid and Adrenal Function.) 


“Tt cannot be ascertained from the above 
data whether these decreased levels of ascor- 
bie acid reflect accelerated utilization by 
cancer tissue, previous depletion due to in- 
adequate intake, or a combination of these 
factors. It is known that the need for ascor- 
bie acid is increased in a variety of hyper- 
metabolic states, such as hyperthyroidism 
and induced fever.’ (Nutrition 
Reviews 13, 327 (1955), Plasma and White 
Cell Ascorbic Acid in Leukemia and Allied 
Conditions. ) 


“Thyroid enlargement was not noticed in 
any of the hypertensive subjects on the rice 
diet and no evidence of hypothyroidism is 
mentioned. Apparently the iodine intake was 
not deficient enough or the deficiency of long 
enough duration to induce goiter formation.” 
(Nutrition Reviews 13, 327 (1955), Iodine 
Deficiency and the Rice Diet.) 
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THE NUTRITION FOUNDATION ale 


Nutrition Foundation waa organised by food and related 
-facturers in December, 1941, as a sincere expression of their interest in . 


_ scientific progress and human health. The basic purposes of the Founda- . 


tion are: (1) the development of a comprehensive program. of fundamental — | 


research, providing basic information in the science of nutrition; and (2) 


- the support of educstional measures that will assist in making the science 


‘The publication of NUTRITION REVIEWS has been undertaken to 
enable professionally trained people to keep abreast of current progress 
-. and to have available an unbiased, authoritative review of the current 
rescatoh: literature the science: of 


“The Editorial Staff has been carefully selected eo that the publication 
will merit, in reasonable degree, the confidence of the medical profession _ 
and others who work directly with the public in the field of nutrition. The 
‘service provided by the publication is distinct from that of an abstract 
_ journal, a review for laymen, or an extensive scientific review. Since the 
reviews as originally prepared by a member of the Editorial Staff are fre- 
quently modified by special referees and may. be further modified by the 
Editorial Office in preparing final copy for the press, the Editorial Commit-_ 
tee feels that it is preferable not to affix the names of Editorial Staff mem- 
bility on the part of the Editor and Associate Editors. 6 | 


Signed articles do not ncemarly represent the opinion ofthe Bator 
_ Btaff. 


A leaflet ened on articles appearing currently in NUTRITION 
REVIEWS and entitled “Current Research in the Science of Nutrition” is 
distributed by ‘The Nutrition Foundation each month. The vocabulary of 
the leaflet is adapted for lay reading and the subject matter is restricted 
‘to clearly established findings of practical interest. Subscriptions should be _ 
sent to The Nutrition Foundation, Inc., 99 Park'Ave., New York City. 
Rate $1.00 per year in the United States and.Canada; $1.25 in other 
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